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Supervising Editor’s Note 


Some time ago when this work was still 
definitely m the prenatal stage, the editor 
made a careful and exhaustive survey of 
all the available books dealing with the 
broad subject of surgical treatment This 
survey showed clearly that, while there 
was no lack of books, there was none filling 
a certain need The foregoing statement 
should not be taken as implying that the 
existing works on surgery are without merit 
Many of the works on operative surgery 
list a large number of operations, although 
many of these operations are now obsolete 
or at least obsolescent, and are of historical 
rather than of current clinical interest 
Mso, in many instances, the reader is not 
fully informed concerning the difficulties, 
disadvantages, and contraindications for 
the various procedures, the discussion being 
limited to the operation itself 
The editor determined, therefore, that 
the present was an opportune time to pro* 
duce an entirely new work on surgical 
treatment It seemed advisable to establish 
a pattern of treatment and coverage for 
each field which would safeguard against 
omissions and would present the up to dale, 
authoritative material in the most concise 
and usable form This pattern would m 


elude not only the operation itself but also 
indications for it, a full discussion of the 
preoperative preparation of the patient 
the common sequelae, a full presentation 
of the prognosis, and a complete discussion 
of the most approved postoperative treat 
ment In this connection it was recognized 
by the editor, the associate editor, and the 
individual contributing authors, that be 
cause of the special problems in presenting 
some fields, this pattern should not be a 
slraitjacket but that some concessions and 
commonsense adjustments would have to 
be made 

Since this is primarily a work on surgical 
treatment no attempt has been made in 
general to present the diagnostic problems 
or the etiology However, these subjects 
have been taken up when it seemed neces 
sary in order to assure attainment of the 
over all picture which it is the purpose of 
the book to present 

The bibliographic references have been 
carefully selected to cover only the most 
important material rather than to accumu 
late a long list which, while they may bear 
testimony to the erudition and diligence of 
the author, would be of little value to the 
reader 


Frederic W Bancroft 



Preface 


Disregarding the outmoded and illt^cal 
attempts which are still made to define 
strictly the mutual limits of orthopedic 
surgery and general surgery, these volumes 
purpose to present the surgical treatment 
of all conditions involving a physiologic 
unit— the motor skeletal system The sys 
tern is comprised of the skeleton and those 
structures which provide for its support and 
motor activity— the bones the joints which 
articulate them, the muscles, tendons, fas 
ciae and ligaments which motorize and 
stabilize the joints, and the bursae asso 
ciated with those structures Neurologic 
structures as such do not belong in this 
system, but the results of neurologic le 
sions may require operation or other sur 
gical treatment applied directly to the 
motor skeletal structures affected Only 
such results of neurologic lesions are dealt 
t\ith On physiologic grounds there are 
therefore included all conditions nhich 
involve the skeleton and the structures di 
rectly concerned m its support and motor 
nation, whether the disturbing lesion be 
trauma disease, tumor, or deformity On the 
same basis lesions of the extremities or 
trunk not directly involving the function 
ing of the motor skeletal system have been 
excluded 

The title. Surgical Treatment, implies 
that all procedures, operative as well as 
nonoperative utilized in the care of the in 
dividual conditions are included in the text 
All discussion of the general features of 
operating room technic, pre and post 
operative care of the patient as a whole, 
chemotherapy, and similar phases of gen 
eral surgical care are omitted Any vana 
tion from ordinary surgical technic called 
for in the surgery of the motor skeletal 
system will be speafically ated 


These are not designed as reference \ol 
umes They are designed for the use of 
the average general surgeon and orthopedic 
surgeon over the country at large who has 
to deal with lesions involving the motor 
skeletal system The material has been 
presented from the standpoint of indicat 
mg what to do, when to do it, bow to do 
It, and what not to do for the various con 
ditions affecting this system The subject 
matter is grouped, insofar as is possible 
according to the type of disturbance m 
volved and the individual contributors have 
been given great latitude m the expression 
of their personal opinions and preferences 
At the same time, the attempt has been 
made to include all of the more commonly 
used and justified procedures This natu 
rally leads in some instances to seemingly 
contradictory opinions by the various con 
tnbutors on treatment rationale or proce 
dure m various regions of the body Where 
these apparent contradictions are not ade- 
quately discussed m the text, the reader 
will find explanatory editorial comment or 
will be referred to a section in the second 
volume (Chapter 22) on general considera 
tions to clarify the situation This arrange 
ment allows we believe, the inclusion of all 
valid viewpoints in the presentation of the 
subject 

TTiere is some duplication in the descrip- 
tion of operative procedures This has been 
allowed to stand whenever an individual 
contributors description contains a vana 
tion or variations m technic and procedure 
which are a matter of interest or practical 
importance Cross reference to such dupli 
cation IS pro\ ided m the text by the editor, 
who has enclosed his interpolated remarks 
within brackets 

The illustrations are designed to combine 
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SECTION ONE 


DEFORMITIES 



1 


Congenital Anomalies of Upper 
Extremity and Shoulder Girdle 

Frank R Ober, M D 


The treatment of congenital malforma 
tions of the upper extremity may be divided 
into three groups as follows Those for 
which nothing can be done those which 
can be helped by conservative measures 
those which can be aided by surgerj 
The improvements m surgical technic 
mer the past 2S years ha\e cut down some 
what those conditions which were formerly 
considered to be beyond the range of surgi 
cal help Slany of the second group are 
helped by the use of apparatus which con 
cems the surgeon The helpless cases will 
not be discussed here since surgical treat 
ment only is to be considered 
No part of the upper extremity and 
shoulder girdle is exempt from a congenital 
disability These disabilities \aty from an 
extra finger to a complete absence of an 
extremity 

WEBBED FINGERS (Figs 1, 2, and 3) 
MacCollum advocates optimum times for 
operation, depending upon the type of web 
bing as follows In those cases where the 
web IS loose enough to allow some fanmng 
of the fingers and does not interfere with 
growth, the time selected is at the sixth or 
seienth year, but when the fingers are 
bghtly bound, or there is bony union, he 
^^ets the time at two years as the minimum 
and four to fi\e years as the maximum 
MacCollum Operation A triangular flap 


IS made on the dorsum of the fingers a sec 
ond and narrower flap is made on the palmar 
surface (Figs 4 and 5) The fingers are 
next separated after incision along the web 
to Its tip (Fig 6) leaving two raw surfaces 
The triangular flaps are drawn between the 
fingers and sutured to each other (Fig 7) 
The raw surfaces are co\ered by thick razor 
grafts sutured m place with Iso 0000 cat 
gut (Fig 7) Irrigation beneath the grafts 
is done to remove serum or blood and dress 
mgs with moderate pressure to present re 
accumulation are immediately applied The 
hand and forearm are splinted on a 1 
splint, designed to keep the fingers sepa 
rated and which is applied to the dorsal 
surface The second dressing is done on the 
ei-hth day and is then changed every two 
or'’ three days At the end of 14 days gentle 
massage and exercises are started, and in 
three weeks a light splint is applied which 
keeps the fingers separated This is worn 
for SIX months during which time active 
exercise periods are continued 

[Many men stress the fact that the bases 
of the triangular flaps should be as broad 
as conveniently possible and that the apices 
should be somewhat rounded rather than 
acutely pointed In separating the fingers 
it is, of course, essentiid that the dissection 
metwailously avoid injury to the digital ves 
sels and nerves The inner side of the arm 
IS a convenient and good place from which 
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HYPEREXTENSION CONTRACTURES OF PHALAm FS S 

to take grafts, and the use of the dermatome 
gives grafts of uniform thickne'ss from 'which 
an exact pattern of the defect can be cut 
Careful and exact fitting and suture of the 
graft is important.— Ed.] 

SUPERNUMERARY DIGITS 
The treatment of supernumerary fingers 
is removal of the extra digit after x-ray 
study If the extra digit has a corresponding 
metacarpal joint, the metacarpal bone is 
usually incomplete and the removal of this 
bone is advisable also, since to leave it will 
result in an unsightly wide gap between the 



Fingers. It may be necessary to do an oste- 
otomy through the bases of the metacarpals 
lateral to the incomplete metacarpal, in 
order to obliterate the gap which results 
from the removal of the supernumerary 
hones. The hands should be kept bound for 
a period of four to six weeks, or until firm 
healing has taken place 

There is no surgical treatment indicated 
for absence of one phalanx. 

In absence of all the phalanges the possi- 
bility of stripping and isolating the terminal 
half of the first metacarpal should be con- 


three Splinting over a hall of sponge rubber 
placed in the palm of the hand and stretch- 
ing exercises will accomplish a good deal in 
the first two or three years of life, especially 
m such contractures of the middle and 
terminal phalanges Contractures of the 
metacarpophalangeal joint are harder to 
overcome. In such instances capsulotomy of 
the posterior capsule may be necessary, to 
be folloTved by corrective flexion splinting, 
or osteotomy of the neck of the metacarpal 
and flexing of the distal fragment may com- 
pensate for the deformity. 





Fig S First step 
in operation of 
webbed fingers 
(Courtesy, Surgery 
Gynecology and 
Obstetrics, 71 782 
789 ) 





Fig 6 Second 
step in operation 
(Courtesy, Surgery, 
Gynecology and 
Obstetrics, 71 782 
789 ) 



Fig 7 Final 
steps in operation 
(Courtesy, Surgery, 
Gynecology and 
Obstetrics, 71 782 
789 ) 



HYPEREXTENSION CONTRACTURES OF PHALANGES 


7 



8 ANOMALIES OF UPPER EXTREMITY AND SHOULDER GIRDLE 


FLEXION CONTRACTURES OF 
nNGERS 

These usually occur m the filth digit 
(Figs 8 9, 10, and II) The early treatment 


ABSENCE or METACARPALS 
In total absence of the melacarpals it ill 
be iiccessar> to use a prosthesis (Figs 12, 
13, 14, and IS) These arc of two hinds 



)S frequent inanipulations and the api^ica 
lion of a palmar splint in corrective po^i 
lion In persistent cases it ma> be necessary 
to lengthen the contracted structures, prin 
cipally tendon and capsule, surgicall> The 
after treatment consists of a palmar splint 
in the corrected position for three wricks 
followed by exc'oses 


cosmetic and practical The cosmetic arli 
ficial limbs are useful wilhm limits, and 
can be made more so by kineplastic opera 
tioTB as advocated by Van^etti, Sauerbruch, 
and Kessler (See Kessler on Cineplaslic 
Amputations, Chapter 21 —Ed ] The cos- 
metic prosthesis may be constructed so that 
the hand can be removed by unscrewing, 



CLUB HAND 


and some convenient hook or other fixture 
applied An affair of this sort is of great use 
to workmen In a total absence of all the 
metacarpals the application of an artifiaal 
hand is necessary for cosmetic effect The 
artificial hand can be removed and many 
acts can be performed by the carpals if 
there is motion at the wrist 


9 

stituted to improve function of the memo^’- 
ABSENCE OF WRIST 
In absence of the wrist (Fig 16) tht 
treatment is an artificial hand In such ca cb 
a kmeplastic stump maj be constructed ‘•o 
that one may obtain motion in the thumb 
and forefinger of an artificial hand ['^ee 



Fig 14 {Lejt) Rudimentary thumbs with |'®*^*?* siblings and 

father had of thumbs and radial deMalion 

Fig is (Rig //0 Father of boy shown m Fig 14 Atoence m u 

' ^ ' of bands (Front and back Vieira ) 


Absence of the first metacarpal is often 
associated with absence of the radius and 
for this combination there is no treatment 
In the absence of the three middle meta 
carpals, osteotomy at the bases of the re 
mainder will improve the function of 
hand if the osteotomized bones are rotated 
and the tips are approximated This hand 
is not sightly, but is far more useful than 
an artificial member After the bones ha\e 
healed, phj’sical therapy measures may be in 


Kessler on Cmeplastic Amputations, Chap 
ter 21 -Ed ] 

CLUB HAND 

Club hand is seen as a result of con 
tractures of the radial or ulna extensors and 
flexors and the lateral or medial ligaments 
(Figs 17, 18, and 19) In infancy these usu 
ally respond to frequent manipulations by 
the nurse or mother In the more resistant 
cases It will be necessary to use retenUon 
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■■pparatus following the manipulation Pla^ •. GIRDLE 

ler encasements may be applied at TOkly m P™«<Jures 

to wait 

more correction each time the plaster is J!!', I?' y“rs old before 
operating on the bones of the forearm. In 



Fro 16. (Lr/r) • 

Fig 17. (Top, right) CoDgen 
Fic 18. (Bottom, right) \-ny 

applied. Adjustable spUnts are also 
in correcting these deformities. 

In club hands due to absence or ’ 
mg of a forearm bone, CT-erj--day manipu- 
laUons must be carried out to minimire 


vend hand 
with absence of ’ 

• ' jfr: • 



CLUB HAND 
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lengthening procedure is begun and con are corrected ^Vhen this has been accom 
tinued over a period of four or five weeks plished the old ^\ound is opened and a large 
The extension is left on for ten weeks and bone graft from the tibia is doweled into 
then removed The hand and forearm ire the end of the proximal ulna It is one 
put up m plaster from the fingertips to the quarter of an inch thick and extends 
axilla (elbow flexed) until the bones have through the cortex on both sides WTien this 
solidly united is done the end of the ulna fragment re 



Tic 19 Illustration of traction apparatus to be used in lengthen ng short bones m 
forearm also used when grafts are placed for missing forearm bones [The yokes are 
fastened to wires or thin pms m proximal and d stal portions of radius Nuts on side 
bats are adjustable to create desired tension on cpnngs which push against one yoke 
while amount of stretching desired or advisable is regulated by central bar and set 
screws Circulation of extremity must be carefully watched ] 

^^^len there is partial absence of the ulna sembles an old fashioned clothespin into the 
there is usually a short stub of bone at the prongs of which the graft is wedged (Fig 
proximal end and a grow mg epiphjsis at the 22) The graft must fit snugl> and should 
lower end (Figs 20 and 21) These frag be held m place with sutures The lower 
ments are joined by a band of dense fibrous end of the graft must be in close contact 
tissue The fibrous tissue is removed and a with the lower ulna epiph>’sis The skeletal 
skeletal traction bone lengthening machine traction is left on in order lo maintain abso- 
is applied (Fig 19) In ten days the lute immobilization until firm union has 
lengthening is begun and continued gradu taken place A plaster is next applied and 
ally until the position of the hand and wrist worn for three or four months (Figs 2S and 
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Fic 20 {Top) Club hand associated with partial absence of ulna 
Fic 21 /c/t) X ray of arms of patient shown in Fig 20 

Fig 22 {Bottom, right) Fostoperatne result illustrating growth after application 
of massive bone graft 




Fio 23 (Z.fl/0 Postoperative result m patient shown m Fjg 20 — eight months 
Fig 24 (Htg/ii) Postoperative result in patient shown in Fig 20 Note closure of hand 
patient nas unable to close it before operation 


24) Exercises are prescribed early in order 
to improve the function of the fingers After 
four months, exerases of the wrist and fore 
arm are added 

The same procedure may be followed for 
the radius 



Fio 25 Absence of forearms Small 
fragment of radius on left, no fragment 
on right Rudimentary phalanx present 
on right 


ABSENCE OF FOREARM 

In congenital absence of the forearm 
(Fig 25) a prosthesis must be applied It 
can be held on with a cuff above the con 
dylcs instead of the usuil shoulder strap 

CONGENITAL SYNOSTOSIS OF 
UPPER END OF RADIUS 
AND ULNA 

Several operations have been designed for 
this disability (Fig 26), tie object of these 
being to secure pronation and supination 
The chief reason for failure of these is that 
ankylosis frequently recurs Probably the 
most reliable method is a resection of the 
head and upper end of the radius followed 
by physical therapy exercises after the tenth 
day [In resecting the radial head the tend 
ency' to recurrence of the sy nostosis can be 
minimized by using an osteotome which is 
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sharp, thin, and narrow, se\enng (he cortex 
just below the sjTiosto^is as near arcum 
ferentialli as possible bj successive short- 
cuts, and then using a thm curved osteotome 
to go through the sjnostoeis A Gigh saw 
or a bone-cutting forceps are not advisable 
because of the bone dust or small bone 
fragments which mav be left in the ti^e« 
Any splmteriag of bone is disadvantageous 


method has not been extensively enough 
u«cd at present for general adoption See 
Fractures of the Radial Head, Smith, Chap- 
ter 31 —Ed I 

DISLOCATION OF HEAD OF 
RADIUS 

This may occur alone or be as^oaated 
with congenital shotiemng of the ulna or 



Lavage of the wound after the rejection, 
followed b) superfiaal cauterization of all 
raw bone surfaces and edges, has «eenied 
advantageous The approach from the 
postero-cxtemal aspect, involving minimal 
soft part damage, has seemed adv isable in 
attempting to deaease the tendency to new 
bone formation and recurrence of the s>iios 
tosis Kellogg Speed has recently devised a 
metal cup to fit over the end of the radius 
after re«ection of the radial head, with ap- 
parent success m a few cases, but the 


absence of part of the ulna The treatment 
for the "ihort ulna has been described In 
simple luxation of the head of the radius, 
the head can often be replaced, and if it 
can the arm is kept in acute flexion until the 
radial head remains in its normal position 
In intractable cases the head may be held in 
place by means of a fasaal loop placed 
around the radial neck, the two ends of 
which are sutured to the posterior surface 
of the lateral humeral condyle [See Chapter 
31 for procedure —Ed ] If this fails the ob- 
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struclmg head mav be removed [See Chap- 
ter 31 for procedure —Ed ] 

CONGENITAL ANKYLOSIS OF 
ELBOW 

This condition is \erj rare {Fig 27) In 
one sided disabilities surgerj (arthroplasty) 
may be elected b> the parents In double 


associated with a posterior bowing of the 
inner third When recognized in early child 
hood, a figure of eight shoulder strap worn 
for a long period of time is frequently efhca 
aous Later m life it will be necessary to 
correct the bow of the clavicle by osteotomy 
or the dislocation cannot be reduced The 
sterna! end of the clavicle can then be 



Fic 31 (le//) Congenital elevation of scapula 
Fig 32 \ ray of wire traction congenital elevation of scapula 


cases, arthroplasty is definitely indicated 
[See Chapter IS for procedure —Ed ) 

ABSENCE OF HUMERUS 
Absence of the humerus (Fig 28) maybe 
partial or complete In a complete absence 
a hand or part of a hand or a finger may be 
attached There is no surgical treatment 
except the application of an artificial limb 
In partial absence of the humerus, bone 
grafting may be re<mrteci to m order to give 
a more stable arm, but usually no liealmenl 
IS indicated 

ABSENCE OF SHOULDER 
GIRDLE 

Absence of the shoulder girdle is very 
rare and is as-ociated with loss of the upper 
extremity The treatment is an artificial 
limb 

CLA\ ICLE 

Congenital dislocation or subluxation of 
the sternal end of the clavicle (Fig 29) is 


sutured m place by means of fascial sutures 
(The sternal end of the clavicle for an 
inch or more can be excised m these ca«es 
m later life if dislocation remains chronic 
or is recurrent and produces symptoms It is 
a simple procedure allows rapid resumption 
of function, is apparently effectne, and pro 
duces no noticeable deformity Frazer Gurd 
has called attention to the «implicity of ex 
cision of the outer or inner ends of the 
clavicle lor dislocations or arlbnuc atiec 
lions In adult life or in late adolescence no 
deformity or disability results from excision 
of all or part of the clavacle In the y oung 
and growing child the procedures here ad 
vocated may be more desirable reserving 
re^tection for later m life —Ed ] 

CLEIDOCRANIAL DASOSTOSIS 
This condition (Fig 30) usuallv persists 
throughout life, but as in most conditions 
of this sort there is a fibrous band connect 
mg the two fragments A figure of-eight 
shoulder brace will help to prevent the for- 
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ABSENCE OF MUSCLES IN UPPER EXTREMITY 


ward droop of the shoulders and should be 
worn throughout the period of growth 

SCAPULA-SPRENGEL’S DEFORMITY 
Sprengel’s deformity is treated surgically 
There are four main types 

1 Congenital elevation of the scapula 
existing alone (Fig 31) 


the scapula, emerging at the lower wound 
These loose ends are fastened together and 
protrude through the dressing A plaster 
spica IS then applied from the toes on the 
affected side up to the axilla The back, of 
the cast is cut awa> and dowmward traction 
IS applied from a metal ring, incorporated 
m the leg of the cast, to the bronze wires 



Fio 33 Result, two and a half >ears postoperative Spina bifida 
of cervical spine 


2 There may be a fibrous band extend 
mg from the upper part of the vertebral 
border of the scapula to one of the lower 
spinous processes 

3 The bridge may be bonj with a p«eud 
arthrosis between it and the \ertebra 

4 The bridge mav be solidI> connected 
from the ‘scapula to the vertebral «pinous 
process 

Treatment 

1 Remove the connecting bridge 

2 Remove the supra«pimtiis process of 
the scapula submuscularl> 

3 Drill a hole through the center of the 
spine of the •scapula and thread two loops 
of dental pho^pho bronze wire through this 
hole A second incision one inch long is 
made two inches below the inferior angle of 
the ccapula and the four ends of wire are 
pulled down under the deep fascia overljing 


A spring balance scale pulling at six pounds 
is sufficient to pull the scapula down It 
takes from four to six weeks to accomplish 
this (Fig 32) 

At the end of this period a third incision 
four inches long is made over the mid dorsal 
spine slightly lateral to the spinous proc 
esses and opposite the second incision A 
generous bundle of muscle fibers of the 
erector spinae group and deep fascia are dis- 
sected free from above downward and di 
vided transversely at the upper end This 
upper end is sutured to (he lower angle of 
the scapula in order to keep it from sliding 
upward (Fig 33) 

ABSENCE or MUSCLES IN 
UPPER EXTREMITY 
Absence of the pectoralis major occurs 
and needs no treatment \bscnce of the 
rhomboids causes severe round shoulders 
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and can be helped by making a slot one 
inch long in each \ertebral border of the 
scapula and connecting the slots by mwns 
of a wide strip of fascia lata WTien pulling 
the scapulae together the surgeon must be 
careful that he does not use great tension 
as the patient is apt to have difficulty in 
breathing 
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Congenital Deformities of Spine 

t 

\ 

Joseph A Freiberg M D 


For the numerous and varied congenital 
deformities of the spine, surgical indica 
tions are somewhat limited There are two 
purposes or indications for surgery (1) 
Urgent interference to prevent complica 
tions, (2) surgical interference to prevent 
increasing deformities dependent upon the 
osseous anomalies and to stabilize an in 
herent instability of the spine due to the 
osseous anomalies Various combinations of 
congenital deformities or anomalies are pos 
sible and various degrees of seventy or 
deficiency due to anomalies or ossification 
may be seen Many of the congenital osseous 
anomalies of the spine have no clinical sig 
nificance excepting as they may contribute 
to an inherent instability of the spine which 
then becomes the seat of a disturbance fol 
lowing lesser injuries, or become symptom 
producing associated with a debilitalive dis 
ease accompanied by a period of muscular 
insufficiency 

As the various types of anomalies of 
ossification and osseous defects are too 
numerous to list, only those with thera 
peutic indications will be discussed and 
these will be 'separated under individual 
headings 

SPINA BIFIDA 

Spina bifida may vary from the single 
so-called spina bifida occulta involving a 
single arcus and failure of fusion of the 
lamina to form a spinous process {Fig 34), 
to a \ery extensive neural arch defect 


There is no treatment indicated for these 
conditions unless they are associated with 
other anomalies causing symptoms of in 
stability Spina bifida alone is an inadequate 
basis as a cause for instability or treatment 
thereof In the more extensive lesions of 
two or more vertebrae a large defect may 
be found in the arcus of the several ver 
tebrae involved Associated with this defect 
may be a lipoma a meningocele oramjelo 
meningocele, containing numerous nerves at 
tached to the inner surface of Uie arachnoid 
membrane As the meningocele contains 
cerebrospinal fluid there may be sufficient 
tension in the meningocele to cause a defi 
nite thinning of the overlying skin Unless 
there is danger of rupture of the meningo 
cele and the overlying skin or the tumor 
mass IS so large that it becomes a physical 
or mechanical problem, no therapy is indi 
cated In the newborn, on occasion con 
servative therapy consisting of warm pads 
held in place by elastic dressing or adhesive 
tape will prevent a breaking down of the 
skin until such a time as surgery is indi 
cated WTiile hydrocephalus not uncommonly 
develops in association with spina bifida and 
meningocele, it very frequently develops 
following the resection of the meningocele 
On the assumption, based on numerous 
references substantiating this hypothesis 
that the menmgeal sac presents a safety 
factor in allowing absorption of cerebro- 
spinal fluid, resection of the sac is ordinarily 
contraindicated The problem is a neuro- 
19 
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Fic 34 Somff less ob\iou3 anomalies of «pine 

1 B {3tcral isthmus defects or consen tal fractures (th rd lumbar arcus) 

2. ngement o£ no ts proce »es (tl »rd awl fourth lumbar sertebrae) 

3 rSsure defect or iracture (ngl t interior art cular process fourth lumbar \ertebra) 

4 Trop m or inborn asymmetr tal dcseloptncnt of zigapopl yses (lumbosacral jo nis) 

5 Sacral zat on of left hfth I mbar sertcbral transrerse | roccss with pseudarti ro$ s 
6 7 Sp na bifida occulta (fifth lumbar and first sacral segment) 
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logic surgical one [For the treatment of 
bach disability consequent on the lfc»ser 
lesions see Low back Pam, Freiberg, Chap- 
ter 9 —Ed ] 

CONGENITAL DEFORMITIES OF 
ARCUS OF VERTEBRA, EXCLUD 
ING SPINA BIFID \ PROPER 
Not always easy of recognition, and far 
from infrequent m occurrence congenital 
defects or failure of fusion of the pedicle 
isthmus or the laminae are lesions capable 
of producing definite symptoms Whereas 
these lesions may be of traumatic origin, or 
of congenital origin, the present concept of 
trauma at the time of delivery or in infancy 
IS generally accepted, following the thorough 
study of these lesions in infants and new 
born by Dr H H Hitchcock ^ These lesions 
are most frequently seen in the lumbar or 
lumbosacral area of the spine The need for 
treatment, conservative or surgical depends 
upon the symptoms associated with the 
lesion The exception to the preceding slate 
tnent is the presence of bilateral pedicle or 
isthmus defects (Fig 34) which allow 
anterior posterior disalignment of the spine 
commonly called spondylolisthesis In the 
presence of a frank spondylolisthesis with 
disalignment in a young individual or in a 
vigorous adult, fixation by cither external 
appliance or surgical fusion is indicated 
The finding of a spondylolysis without dis 
placement but capable of resulting m a true 
spondylolisthesis warrants close observation 
of the patient in the absence of symptoms 
In the presence of symptoms the therapy is 
the same as for spondylolisthesis [See Fret 
berg Low back Pam, Chapter 9 —Ed ] 

CONGENITAL SCOLIOSIS 
A third type of congenital deformity of 
the spine not infrequently seen is a true 
structural scoliosis dependent upon the 
presence of one or more hemi\ertebrae 
The deformity is due to a failure of de 
velopment of one lateral half of a vertebra, 
and a consequent lateral disalignment or 


curvature In the presence of more than 
one hemivertebra on opposite sides the de- 
formity may not be \ isible externally Treat 
ment of these deformities depends upon the 
structural alignment of tlie spine as a whole, 
and on whether or not the lesion interferes 
with the function of the spine Whereas 
resection of the hemivertebra has been pro 
posed and done (Compere, ^ et al ) it is gen- 
erally considered that this surgical pro 
cedure is unnecessarily hazardous The de- 
formity may be controlled either by external 
support and muscle training or by internal 
fixation by spinal fusion In the infant and 
young child no treatment is indicated if the 
deformity is not severe If the deformity is 
moderately severe in the infant, a plaster 
bed IS made to hold the spine m a corrected 
position The child is kept m this plaster 
bed for a period of many months (Ghorm 
ley®) When the walking age is reached, if 
the deformity is not severe, either a rigid re 
movable support such as a split plaster cast 
IS made or a corrective type of corset is ap 
plied In the older child, if the deformity 
has assumed a definite prominence, treat 
ment is similar to that earned out m other 
types of structural scoliosis [Scoliosis, Von 
Lackum, Chapter 6 —Ed ] 

CONGENITAL FUSION OF 
VERTEBRAE 

A fourth type of congenital deformity of 
the spine seen not infrequently is a con 
genital fusion of one or more bodies of the 
vertebrae As under ordinary circumstances 
this lesion offers no probabilities of produc 
ing symptoms or deformity, no thenpy is 
indicated The lesion is recognized com 
monly in x rays taken following a lesser 
trauma or for some other condition 

When there is a structural mechanical in 
sufficiency of the spine due to a congenital 
deformity and conservative therapy does 
not suffice, a spinal fusion operation is done 
The type of fusion depends upon the charac 
ter of the lesion [For description of the op 
eration see Low back Pam, Chap 9 —Ed ] 
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COVGENITAL DEFORMITIES OF SPINE 


KLIPPEL-FEIL SYNDROME 

Congenital deformities of the «ipine occur 
most frequently m the cervicodorsal and 
lumbosacral areas Infrequently, combined 
arqus and vertebral bod> anomalies occur 
in the cervicodorsal area accompanied by 
marked loss of length of the cervical «pine 
and absent or deficient z^apoph>ses As 
sociated with this tj-pe deformity are ap- 
parently highly situated scapulae As this 
deformity Khppel Fell syndrome is an in 
herent spine deficiency with limited motion 
no therapy is indicated Rarely instability 
of the cervical spine causes nerve root irri 
tation Under these conditions stabilization 
by external fixation or spine fusion is indi 
cated 

ZYGAPOPR-iSEAL DEFORMITIES 

Zygapophj'seal or articular process de 
formities are of three types 

1 Insuffiuent articular areas with tnsta 
bility and susceptibility to mechanical 
strain 

2 Tropism or s disalignment from the 
normal axis of one or both zygapophyses 
(see Fig 34) 

3 Fissure defect or congenital fracture 
through an inferior articular process (see 
Fig 34) 

Zygapophj seal deformities of Ty^pe I are 
seen most often as extensive or multiple 
lesions The treatment is supportive by (he 
use of braces or, if necessary, by a «pinal 
fusion operation 

In zygapophy«eal tropism rarely noted 
elsewhere than in the lumbosacral spine 
treatment depends upon the symptoms This 
lesion is one of several resulting in scwalJed 
unstable lumbosacral spines and the man 
agement is discussed under Lou back Pam 
in Chapter 9 

Fissure defects may occur anyTvhere in 
the spine but are found most frequently 
m the lumbar segment These lesions are 
often mistaken for fractures indeed the 
difierentiaUon often depends upon the bis 
tory given by the patient If there are ac 


companying symptoms treatment is pri 
manly conservative postural training and 
temporary brace, but occasionally internal 
fixatimi by spinal fusion is necessary for 
relief 

CONGENITAL DEFORMITIFS OF 
PELVIS 

Congenital deformities of the pelvis do 
not frequently present a surgical problem 
The most common congemtal deformity is 
that of an asymmetrical development of the 
two innominate bones This lesion is often 
associated with a co-existmg asymmetrical 
development of the lower extremities An 
asymmetric or underdevelopment of one of 
the innominate bones is often accompanied 
by an inequality m leg length The existing 
problem then is an equalization of leg 
length This may be accomplished by the 
use of elevation of the shoe or if the in 
equality in leg length is great^more than 
V /2 inches in a child or vigorous young 
adult— one of the leg length equalizing sur 
gical procedures may be indicated [See 
Anterior Poliomyelitis Chapter 7— Ed] 

There are several types of congenital ab 
normalities of the acetabulum these varying 
according to the site of the anomaly either 
in the ilium or the ischium or the pubic 
portion of the acetabulum The most com 
mon deformities are tho'e in the iliac por 
tioD of the acetabulum and are ordinarily 
assooated with subluxation or congenital 
dislocation of the hip The problem of 
therapy, therefore rests primarily with the 
management of the congenital dislocation of 
(he hip [Congenital Dislocation of the Hip 
Brewster Chapter 4 —Ed ] 
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Congenital Deformities of 
Lower Extremity 

J H Kite, M D 


Congenital deformities of the lower ex 
tremity may be divided into (1) hyper 
trophic and (2) hypoplastic anomalies 
Each of these may be divided into (a) sym 
metrical and (bl asymmetrical deformities 

CONGENITAL HYPERTROPHIC 
ANOMALIES 

Symmetrical Enlargements 
Enlargement of Both Legs (Milroys 
Chronic Hereditary Edema In 21 of Mil 
roy s 22 patients the swelling was present at 
birth He states that chronic hereditary 
edema is a firm edema limited in extent to 
the toes or to a part or the whole of one or 
both feet, or of one or both legs It never 
extends above Poupart’s ligament It is not 
painful or tender, and is without constitu 
tional symptoms The cause is unknown 
Hereditary transmission is definite The 
edema is permanent although it subsides to 
some extent on rest in bed It occurs in both 
sexes It does not affect the life span 
This IS a very rare condition (Fig 35) 
Bed rest for excessive swelling and pro 
vision for proper shoes is the only therapy 
indicated 

Hemi hypertrophy Symmetrical hyper 
trophy may be limited to the enlargement 
of one leg or one foot (Fig 36) This, again, 
is rare Often the deformity warrants no 
surgical procedure, and attention to foot 


wear is the only treatment needed When 
the hypertrophy involves the entire ex 
tremitj, the growth of the bones can best 
be controlled by arrest of the epiphyseal 
growth at the proper age, if the patient is 
seen during the growing period If seen 
after growth has ceased, the length of the 
legs might be equalized by shortening the 
femur by one of the plastic operations [See 
leg equalizing procedures under Anterior 
Poliomyelitis, Cleveland, Chapter 7 —Ed ] 

Asymmetrical Enlargements 
Enlargements of Toes An asymmetrical 
hypertrophy is a congenital enlargement of 
a part of an extremity, as enlargement of 
the toes, or of a part of the foot At times 
(he deformity is so marked that surgery is 
necessary Some of these enlargements are 
due to lipoma which has been present since 
birth (Fig 37) In most cases the hyper 
trophy must be reduced by removing the 
hypertrophied tissue so as to restore the part 
to as near normal as possible \Vben this 
cannot be done it is best to remove the en 
larged part (Fig 38) When the parents 
are opposed to operation, and the hyper 
trophy involves the toes, a special shoe may 
be made (Fig 39), but speaal shoes are 
usually too expensive for most patients 
An amputation of the enlarged part, if it 
is a toe, IS then the method of choice 
Asymmetrical congenital hypertrophy 
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CONGENITAL DEFORMITIES OF LOWER EXTREMITY 


may be due to a numerical increase in the 
parts as in pol>dactylism (Figs 49 95 96 


CONGENITAL HYPOPLASTIC 
ANOMALIES 

SVMilETRlCAL AtSOVHA 
Congenital hjpoplastic anomalies oc 
casionally show a sjmmetncal shortening 
of one extremitj (Fig 40) but this is rare 
compared to the asvmnielrical deformities 



Fic 33 Milroj s chronic 
hetedilary edema Boy aged 13 
with con‘*enital hypertrophy of 
both loner extremil es Enlarge 
ment of both legs from knees 
down In each thigh is enlarge 
inerti ^aihiemras ■> em A^'jndn 
feels firm as though thrombo'ed 
There is a pitting edema of 
lower legs and feet Lower legs 
ha\e a c>Iindrical rather than 
a normal outline There is con 
siderable edema over dorsum of 
each foot Patient wears regular 
shoes and pursues normal ac 
tiMties 

and 97) In such cases the extra parts should 
be removed 

Special plastic procedures are rarely indi 
cated 


Fro 36 Congenital hypertrophy of 
foot Left IS considered normal Great 
toe on right is separated from enbrged 
second toe Const tency of soft parts 
seems normal with no evidence of tumor 
as la sometimes seen The onU d ffculty 
is necessity of buying shoes of different 
sues to fit these feet 

The hypoplastic anomalities are seldom cor 
reeled by surgery The difference in length 
might be equalized by an epiphyseal arrest 
on the normal leg or by shortening the 
longer leg {For procedure «ee Chapter 7 — 
Ed 1 By far the larger number are treated 
some type of extension apparatua 
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Iir C nntcnitil lijpertrophj of second and third toes, left At birth, left second and 
third toes \>trc cnlirt,ed I’Hient continued to burst toe out of left shoe (A) Hjper 
trnphitil distil philinRis of second ind third toe> were amputated, and excess tissue 
rimiiNCd (It) 1 ituni could then weir xhocs m comfort 



1 10 ^9 tonj.iii(nl hvpertnphv of toc< Ihi yrl wa* bom with enlarged left «econd 

{\ni! third tois (\), wlinh lusrimr hiver iftcr 'he be^n T\nlfcirg to < 1^001 She 
un d ti to wetr cun trlml^ In ciimfort She i>ns fir'l treiied b\ «peail 'hoes (I>)( 
hill lhi«t pmuil liKi iNjwn-w The Iscn vicrc then impulited (C) Smral jears later 
jihe could wnr 1 'Uc 7 'lipivr on eivb toot lor x nj of lln> patient «« Fia 98 






CONGENITAL HYPOPLASTIC ANOMALIES 


27 


Tig 40 Congenital atrophy of leg symmetrical At birth right leg was smaller than 
left, although normal m outline X ray made at age four weeks showed right femur to oe 
nearly 2 cm shorter than left Hips were not dislocated 
At age five right leg was 5 cm shorter than left (A) giving a total to spine 
At this time right x ray was 4 9 cm shorter than left, but normal in outline ( ) 
necessary to apply a lift under right foot to correct spinal cur%e (C) A shoe min a coik 
lift was applied which also helped to overcome the limp 
At age seven an epiphyseal arrest was done on normal left femur— probably ^ 0 "^ 
too early an age The difference in length wiU be equalized before she is grown and the 
normal left leg may become shorter than nght See Chapter 7 for method o P » 
proper time for growth arrest 
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As\ ilMETRICAL AtBOPHV 
As>mnietrical congenital hjpoplastic 
anomalies of the lower estremitj may be 
due to a partial or complete absence of the 
(1) femur, (2) fibula, (3) tibia or to a (4) 
congenital amputation 
Anomalies of Femur A congemtal 


show in the early t njs, which will appear 
the age of ten at one end or the other 
The most common defect associated with 
partial ab<^nce of the femur is ab ence of 
patella and fibula of the same leg (Fig 43) 
It is an interesting fact that the mild con 
genital deformities such as s^mdactylism or 



Fic 41 Congenita! atrophj of leg as>inmetncal ab'ence of upper end of femur At 
bulb ngbl leg was shorter than left At agethree ngbl mea’^ured 12 cm shorter (AandB) 
She was able to walk and bear weight on right leg but limped badh \ ra\ showed the 
shortening to ha\e occiiired in upper end of right femur, which had no head Proximal end 
of femur was resting against side of ilium (C) Both tibiae measured the same length 
An extension apparatus was appbed 

anomaly of one of the long bones of the 
leg la accompanied usualU bj other con 
genital deformities frequently of the same 
leg This IS particularly true of the femur 
The defect m the femur is in the upper half 
in most cases (Figs 41 and 42) At times 
when there is involvement of the lower part 
of the femur the femur is sjTiostosed to the 
upper epiphy«is of the tibia (Fig 43) and 
(Fig 45 C) A complete ab«ence of the 
femur is rare and this diagnosis should not 
be made before the age of ten There ma> 
be a rudimentary epiphysis which wM not 


pol>dactvli&m show a marked familiar tend 
encj , while Ihe^e major deformities seldom 
ever give a hereditarj history 
Anomalies of Fibula. Congemtal defects 
of the fibula are three times as frerjuenl as 
tho«e of the femur Freunds" classification 
of deformities of the fibula follows 
A Complete absence of fibuh 
B Partial absence of fibula 

1 Lower part absent 

2 Upper part al«nt 

3 Diaphj'sis deficient upper and 
lower ends present 

C Hypoplasia of fibula 
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Tic 42 Congenital absence of upper 
two thirds of left femur This patient 
has multiple defornuties with ankylosis 
of right elbow and shortening of fore 
arm One finger is stiff and one thumb is 
dangling from the hand (A) There is 
congenital absence of most of left fore 
arm and bard with ankvlosed elbow 
She has a congenital coxa vara of right 
hip and absence of most of upper part 
of left femur (B) Right femur fc> also 
shorter than normal Right leg measures 
42 0 cm left 27 5 cm giving 14 5 cm 
shortening on left She was fitted with 
an extension apparatus so that she might 
Sit on top of the ring and «alk nitbout 
ha\mg to flex right knee to compensate 
for shortening on left (C) 



Tic 43 Congenital synostosisof knee 
congenital absence of fibula Patient was 
born with a deformity of right band and 
both feet Feet were very small and were 
amputated elsew here She is walking w ith 
braces ^\he^ she was small an unsuc 
cessful attempt was made to straighten 
(he knee The chief handicap (o wearing 
braces is flexion deformity of right knee 
There is congenital absence of patella 
also absence of fibula The two ep pbyses 
have fu-sed and a bridge of bone has 
grown across knee posteriori} In order 
that patient might wear an artificial leg 
flexion deformity was corrected by a 
cuneiform osteotomy of knee without 
injur} to epiph}seal lines 




lack of support by malleoli Uhen «een 
straight under tibia and normal in appea 


Fic 44 Congenital absence of part of 
fibub with \algu5 deformity of anUe At 
birth right foot nas rolled out from under le? 
WTien first seen at age eight, «he walked badl> 
and ran right foot over jn a marked valgus 
position (A and B) There was absence of 
lower portion of shaft of fibula (D) Lower 
epiphysis was present but did not keep astrae 
alus from rolling over as entire epiphyseal 
line of tibia was tilted lateralward at an angle 
of about 45® Superior articular surface of 
astragalus was at a right angle with midlinc 
of fibia (If midline of tibia were projected it 
would fall media! to foot ) 

Two operations were done First, a cune- 
iform osteotomy was done near lower end of 
tibia making an incision just abov e epiphyseal 
line and parallel with it and another higher 
up removing a wedge-shaped portion of bone 
with the base on the medial side ^Vhcn the 
cut surfaces came together ankle was straight 
under tibia (E) Later, a Hoke llatfoot sia 
bilization was done on the foot \ brace was 
worn for a year to protect ankle because of 
eight months after operation, right foot was 
J (C) 


More than two-lhird* of the cases re total absence of the fibula should not be ac 
ported in the literature show complete ab- cepted as a fact until after the fifth year, 
sence of the fibula Freund says 'Total as an epiphysis might develop at this lime, 
absence of the fibula is observed more often when the previous early xray showed 
than any other long tububr bone The nothing 
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Loss of the upper end of the fibula causes 
little loss of function "WTien the lower part 
of the fibula is defective, the support of the 
lateral malleolus is lost, and the fool turns 
out into valgus If so, (a) a brace may be 
worn to hold the foot straight under the 
tibia, or (b) a cuneiform osteotomy may 
be done on the lower end of the tibia, to 
level the articular surface between tibia 
and astragalus (Fig 44) In addition, it 
may be necessary to do a flatfoot stabiliza 
tion as was done for patient shown m Fig 
44, or (c) the astragalus may be fused to 
the tibia When the foot is clubbed or shows 
marked deformity the treatment is often 
directed first to the correction of the foot 
deformity (Fig 45), and later the flexion 
or knocl knee deformity may be corrected 
by an osteotomy of the tibia if necessary 
as was done in this last case A brace may 
still be necessary to support the knee and 
ankle 

Volkmann in 1872 described two cases of 
congenital luxation outward of the ankle 
associated with absence of the upper four 
fifths of the fibula, and also some shorten 
ing of the tibia I have a similar case in 
father and son The father shows a con 
genital hypoplasia of the fibula The defect 
seems to be in the diaphysis of the fibula 
while the ends are well developed (Fig 
46) The distal end of the fibula gives some 
support on the lateral side of the astragalus 
but this support is so deficient that the feet 
turn m a marked flatfoot position There 
IS an abnormal shortening of each libn with 
knock knee deformity The son shows still 
more shortness of the lower legs, the knock 
knee deformity, and the extreme flatfoot 
deformity (Fig 47 A) The x ray picture 
shoivs a complete absence of the fibula 
(Fig 47 B and C), but a center of ossifica 
tion may appear later The son has con 
genital dislocation of the knees, which the 
father did not have Braces will be applied 
when the child is old enough to begin walk- 
ing 

Anomalies of Tibia Deformities of the 
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tibia are frequently associated vvith ab 
sence of the fibula One of the most fre- 
quent findings is an anterior and sometimes 
a medial bowing of the shaft of the tibia 
resulting in thickening and shortening of 
the bone (Fig 48) The point of angulation 
IS most frequently at or a little above the 
junction of the middle and lower thirds Fre 
quently there is a scar or dimple over the 
apex of the curve The x ray picture shows 
a marked thickening of the bone on the 
concave side of the curve This sclerosis 
may involve the entire thickness of the bone 
(Fig 48 B) 

In cases with bowing of the tibia there is 
a short heel cord and the foot is forced 
down in equmus The tendon is tighter and 
more resistant to treatment than in con 
genital clubfoot Sometimes there is no real 
tendon, but a mass of tight fibrous tissue 
which IS difficult to get to yield when an 
attempt is made to lengthen it There is a 
great tendency for this deformity to recu*" 
The foot should therefore be held for a long 
time in plaster in dorsiflexion after the 
Achilles tendon has been lengthened, and 
the plasters wedged in dorsiflexion 

At times the anterior and lateral bowing 
of the tibia can be lessened by a senes of 
casts and wedgings followed by a corrective 
brace Very little force should be used in 
order not to fracture the tibia 

These bones are similar in appearance to 
the bones seen in congenital pseudarthrosis 
before the tibia has fractured It is not 
often that a tibia is seen in congenital pseu 
darlhrosis before it has fractured but there 
are several showm below (Figs 66 and 67) 
Because of the difficulty m getting such 
bones to unite after they are broken, they 
should be protected from fracture and an 
operation shoula not be undertaken lightly 
(Fig 70) I^Tien it is necessary to correct 
the deformity, a long oblique osteotomy 
should be done (Fig 48 C), so as to increase 
the area of raw bone for union In addition 
to this, better external fixation should be 
used than would ordinarily be used for an 
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lack of support b> malleoli ^\Tien ^een 
straight under tibia and normal m appen 


Ftc 44 Congenital absence of part of 
fibula v.ith valgus deformity of ankle At 
birth right foot nas rolled out from under leg 
WTien first seen at age eight she walked badl> 
and ran right foot over in a marked valgus 
position (A and B) There n-as absence of 
lower portion of shaft of fibula (D) Lower 
epiph>sis 'aas present but did not keep astrag 
alus from roll ng over as entire epiph}«eal 
line of tibia was tilted lateralivard at an angle 
of about 4S* Superior artculat surface of 
astragalus was at a right angle with midline 
of tibia (If midline of tibia were projected it 
would fall medial to foot ) 

Two operations were done First a cune 
iform osteotomy was done near lower end of 
tibu making an incision just above epiphyseal 
bne and paraMel with it and another higher 
up removing a wedge-shaped portion of bone 
with the ba<=e on the medial side When the 
cut surfaces came together ankle was straight 
under tibia (E) Later a Hoke flatfoot sta 
bilization was done on the foot \ brace was 
worn for a j ear to protect ankle because of 
eight months after operation, right foot was 
1 (C) 


More than Iwo-thirda of the cases re total absence of the fibula should not be ac 
ported in the literature show complete ab- cepted as a fact until after the fifth jear 
sence of the fibula Freund sa>’s ‘Total as an epiphj’sis might develop at this time, 
absence of the fibula IS observed more often when the previous earlj xra> showed 
than an> other long tubular bone The nothing 
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Loss of the upper end of the fibula causes 
little loss of function When the lower part 
of the fibula is defective, the support of the 
lateral malleolus is lost, and the foot turns 
out into valgus If so, (a) a brace may be 
worn to hold the foot straight under the 
tibia, or (b) a cuneiform osteotomy may 
be done on the lower end of the tibia, to 
level the articular surface between tibia 
and astragalus (Fig 44) In addition, it 
may be necessary to do a flatfoot stabiliza 
tion as was done for patient shown m Fig 
44, or (c) the astragalus may be fused to 
the tibia ^Vhen the foot is clubbed or shows 
marked deformity the treatment is often 
directed first to the correction of the foot 
deformity (Fig 45), and later the flexion 
or knock knee deformity may be corrected 
bj an osteotomy of the tibia if necessary, 
as was done in this last case A brace may 
still be necessary to support the knee and 
ankle 

Volkmann in 1872 described two cases of 
congenital luxation outward of the ankle 
associated with absence of the upper four 
fifths of the fibula and also some shorten 
ing of the tibia I have a similar case in 
father and son The father shows a con 
genital hypoplasia of the fibula The defect 
seems to be in the diaphysis of the fibula, 
while the ends are well developed (Fig 
46) The distal end of the fibula gives some 
scrpport on the fateraf sicfe of the astragalus 
but this support is so deficient that the feet 
turn m a marked flatfoot position There 
IS an abnormal shortening of each tibia with 
knock knee deformity The son showi> still 
more shortness of the lower legs, the knock 
knee deformity, and the extreme flatfoot 
deformity (Fig 47 A) The x ray picture 
shovis a complete absence of the fibula 
(Fig 47 B and C), but a center of osstfica 
tion may appear later The son has con 
genital dislocation of the knees, which the 
father did not have Braces will be applied 
when the child is old enough to begin walk- 
ing 

Anomalies of Tibia Deformities of the 


tibia are frequently associated with ab 
sence of the fibula One of the most fre 
quent findings is an anterior and sometimes 
a medial bowing of the shaft of the tibia 
resulting in thickening and shortening of 
the bone (Fig 48) The point of angulation 
is most frequently at or a little above the 
junction of the middle and lower thirds Fre 
quently there is a scar or dimple over (he 
apex of the curv e The x ray picture shows 
a marked thickening of the bone on the 
concave side of the curve This sclerosis 
may involve the entire thickness of the bone 
(Fig 48 B) 

In cases with bowing of the tibia there is 
a short heel cord and the foot is forced 
down in equinus The tendon is tighter and 
more resistant to treatment than in con 
genital clubfoot Sometimes there is no real 
tendon, but a mass of tight fibrous tissue 
which is difficult to get to yield when an 
attempt is made to lengthen it There is a 
great tendency for this deformity to recu' 
The foot should therefore be held for a long 
time in plaster in dorsiflexion after the 
Achilles tendon has been lengthened, and 
the plasters wedged m dorsiflexion 

At times the anterior and lateral bowing 
of the tibia can be lessened by a senes of 
casts and wedgings followed by a corrective 
brace Very little force should be used in 
order not to fracture the tibia 

These bones are similar in appearance to 
the bones seen in congenital pseudarthrosis 
before the tibia has fractured It is not 
often that a tibia is seen in congenital pseu 
darthrosis before it has fractured but there 
are several shown below (Figs 66 and 67) 
Because of the difficulty in getting such 
bones to unite after they are broken, they 
should be protected from fracture and an 
operation shoula not be undertaken lightly 
(Fig 70) When it is necessary to correct 
the deformity, a long oblique osteotomy 
should be done (Fig 48 C), so as to increase 
the area of raw bone for umon In addition 
to this, better external fixation should be 
used than would ordinarily be used for an 
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O'feotomj or fracture of normal bone The 
plaster 'ihould extend from the toes not only 
to the upper thi"h, but m small children 
should go around the pelvis as a spica, as is 
recommended for external fixation after 
bone graft for congenital pseudarthrosis 
WTien this is done union has always been 
obtained in my personal series 
Associated Mith the deformity of the tibia 
IS a congenital absence of some of the bones 
of the foot, or of a part of the foot (Fig 
4? E ) S>ndaclyhsm is also a frequent find 
mg and, at times, polydxctyhsm (Fig 49) 
Absence of a part or all of the tibia is a 
rare deformity as compared with the fibula® 
With it vie frequently see other deformities 
such as dislocation of the hip (Fig 49), 
shortening of the femur, absence of the 
fibula, clubfoot deformity, absence of one 
or more tar«als, metatarsals or toes The 
fibula is usually shorter and thicker llTicn 
the upper end of the tibia is absent, it is 
impossible for the fibula to form a weight 
bearing joint with the femur (Fig 49, lop) 
Frequently the fragment at the lower end 
does not develop sufficiently well to act as 
a medial malleolus This portion may retain 
Its embryonal form and be the same size as 
the fibula, and be useless as a support 
Only one case of total absence of the 
tibia has been encountered in over 7,500 


orthopedic patients (Fig 50). Until 1877 
amputation was the only mode of treatment 
In that year Albert implanted the fibula 
into the femur It is very difficult to get 
the knee straight, even when most of the 
posterior structures are cut, and even when 
this IS accomplished, and the fibula grafted 
to the femur, nonunion frequently results, 
with a poor weight bearing extremity There 
is often a dislocation at the ankle also, and 
if the astragalus could be fused to the 
fibula the extremity would still be very 
short and the patient would need an ex 
tens on apparatus of some kind to compen 
sate for the shortening For this reason many 
of these patients are treated with braces and 
extension apparatus instead of by surgery 
When there is fixed flexion deformity of 
the knee this can be used to a good ad 
vantage to carry the extension apparatus 
(Fig 50 D and E) 

Another variation m congenital anomalies 
of (he tibia which we sec verv rarely is a 
case in which the tibia and fibula are the 
same size (Fig 51) Freund says 

Up to the third month of life the fibula is 
evenly developed viiih the tibia that is, it is 
relatively much stronger than the latter In 
cases in which there is congenital defect of the 
tibia. It preserves its early thickness and ap- 
pears hyperplastic Thus, despite the fact that 


Fig 45 Congenital absence of fibula bilateral multiple deformities Patient also has an 
absence of two fingers on right hand, with atrophy and fusion of the other two fingers absence 
of some carpal bones, dislocation of head of right radius, a short right femur synostosis of 
right knee with fusion in a flexed position, absence of patella, equmovarus deformity of right 
foot, and absence of the lateral two toes, with fusion of the other two Left lower leg shows a 
marked anterior bowing of tibia, with deep dimple over point of angulation There is an equino 
varus deformity of this foot with valgus deformity in ankle, since astragalus articulates with 
tibia only There is the same absence of the two lateral toes on the left with fusion of second 
and third 

Treatment was begun at age of one year First clubfoot deformity on left was corrected so 
that patient might be able to bear weight on this one leg (A) Equinus deformity was more 
difficult to correct than in an ordinary clubfoot The Achilles tendon had to be lengthened 
IFor procedure, «ee Chapter 42 ] Braces and extension apparatus were worn for seven years 
Patient was re admitted at age eight (B), because of marked knock knee deformity on left, (he 
mam weight bearing leg ray shows knock knee deformity and sjmostosis of right knee (C) 
A high tibia osteotomy was done to correct deformity (D and E) This restored alignment of 
left leg and made it a good weight bearing extremity A brace was needed to stabilize left knee 
and foot since there was an absence of fibula With an extension apparatus on right (F), patient 
IS able to walk acliv ely w ithout crutches 
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Fjo 46 Congenital fajpoplasia ol fibula aasoaated with congenital shortening of tibia 
Patient has alwa>» walkM on medial side of hn. feel with feet turned out in a marked 
flatfoot position (A) Tibias are vtij short as compared to femurs Trunk and arms are 
well de\eloped There is marked knock knee deformitj Tibias are unusuall> thick and 
broad (B), but form a fairly stable articulation at knee and ankle because fibulas gne 
some support on lateral side of astragalus Fibulas are about half the length of the 
shortened tibias Each end seems to be well formed It ■leems to be the shaft which 
is deficient 




Fk 4T Congwsitfa^ ateence of iTiaike, aBsoaafeif wjtfi 
congenital shortening of tibiae congenital dislocation of 
both knees The most striking thing in this U month old 
child 13 the shortness of bis legs (A) somenhat Jiie those 
of his father (Fig 46) He has a normally developed 
trunk and arms Every time he kicks his legs the knees 
can be seen to dislocate a grating noise can be beard, 
and a crepitus can be felt When either knee is flexed 
tibia slips back under femur, and when knee b extended 
tibia slips foirrard anlenor to femur (C) There is a 
knock knee deformity «o that with knees touchmg ankles 
are separated 8 cm Feet turn out in valgus because there 
IS no fibula to support lateral border of astragalus Foot 
turns over to such an extent that little toe> rest against 
lateral border of lower feg On x ray film femurs measure 
13 4 cm and tibiae only 5 5 cm (B) 

j 
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CONGENITAL HYPOPLASTIC ANOMALIFS 



D E 

Fig 48 (Conliniicd) Fiatfoot deformity %\as corrected by a senes of plaster^ 
and %\edgin5s and a brace was worn on right lo keep knee in full extension (D) 
An X ray made seven years after operation shows a tibia presenting nearly normal 
bone structure (E) Astragalus js sfiJJ absent at age nine Patient when last s“en 
was walking without braces or any form of support, placing his feet straight in 
front of him, and w'aiking In normal manner 
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Fig 49 Ccmpenital absfnce of upper part of 
tibia. Patient also has a congeoitat dislocabon 
of right hip with a deep false acetabolum on side 
of iliom {lower tliujirolion) An «ns«tesiful at 
tempt was made to reduce this defornutv Omi- 
genital absence of upper half of shaft and upper 
epiphysis of tibia (wf/er illiislralion} Patient u-as 
four years old when x-ray was made Remaining 
portion of tibia js no larger in diameter than fibula. 
Fibula IS thicker than might be expected There is a 
di<location of joints at knee and ankle so tlial 
weight b«ring is impossible Foot is turned m 
extreme i-arus because there is no support on medial 
side of ankle. Foot also presents forefoot adduction, 
typical of a clubfoot. There are eight metatarsals 
and nine toes, there being an extra toe between tlw 
first and second. No great toe present Second and 
thud toes fused. Patient learned to walk on 
crotches and opposite normal foot Uith extreme 
atrophy, and dislocation of all three joints m this 
leg. no attempt vas made to make it weight-bear- 
ing Later an extension apparatus may be worn. 


the deformllies hate to be considered as 
causrf by faulty anlage of the etittemilies, 
certain embrj’onic stages may be recognized 
in different tjpes of defects. 

The patient shown in Fig. Sf is tlie only 
one in my series Both the tibia and fibula 
are about the same diameter and about the 
same length in both legs If the foot were 
not attached it would be difficult to fell 
one from the other TTiis case had many as- 
sociated congenital deformities 

Congenital Amputations Finally, asym- 
metrical congenital hypoplastic anomalies 
mi^t be illustrated by congenital amputa- 
tions (Fig. 52). These may be unilateral 
or bilateral, and vary from the loss of a 
small part of the foot to an absence of 
practically all of the extremity. Sometimes 
surgery' is indicated to make a betler weight- 
bearing stump, by doing a re-amputation 
Some simple tyT^e of extension apparatus 
should be as soon as the child is old 
enough to walk, so that the remains of the 
leg may de\eIop with use, WTicn the child 
is grown, an artificial leg can be resorted to 

CONGENITAL CONSTRICTIONS 

Children are occasionally seen with deep 
circular depressions about the upper or 
lower extremities These seem to involse the 
skin and muscles down to the bone. From 
the appearance of these, it might be easy at 
times to imagine that these conatrictions are 
the result of the umbilical cord being 
wrapped around the extremity (Fig S3) 
Frequently the parents will giv'e this as an 
explanation of the deformity. This would 
not explain consttictures about fingers and 
toes (Fig. S4). 

Congenital constrictions are seen once in 
about e\ery 1500 orthopedic admissions in 
my series In every case in this series the 
child has had clubfeet (Fig SS), and also 
every one has bad some deformity of the 
hands (Fig. 56), This deformity has con- 
sisted of an absence of some part of thehand 
or fingers Often syndactylism is present 

Treatment consists of separating the 
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fingers by plastic surgery The clubfoot de 
formity has been corrected by plaster and 

edgings As a rule these feet are more 
difficult to correct than the average club 
foot For cosmetic reasons the deep band 
can be excised and the soft parts and skm 
drawn together with sutures The results 
are not so good as might be expected Most 
times the child does not seem to be incon 
\enienced by the constrictions, and for this 
reason they are usually left alone, and the 
treatment directed toward correcting the 
clubfoot and any other deformities that 
may be present 

CONGENITAL CONTRACTURES 

Congenital contractures may involve any 
of the joints They are usually assoaated 
with other congenital deformities They 
often involve the shoulder, elbow, hip knee 
and at tunes involve the hand and foot 
Usually there is a limitation of motion m 
the joint, limiting full extension There is 
frequently redundant skin going across the 
flexure of the joint (Fig 57) The restriction 
of motion m these joints is quite different 
from the restriction of motion in arthro 
gryposis multiplex congenita. In this latter 
condition the motion is free for a part of 
the range of motion and then it is suddenly 
stopped as if there were bony blocking or 
very strong adhesions In these cases with 
congenital contractures the inoiicm is 
limited by the elastic stretch of the skin 
and soft parts These cases of congenital 
constrictions are not associated with club 
feet, while arthrogryposis multiplex con 
genita, on the other hand is associated with 
congenital clubfeet 

Treatment consists in gradually stretch 
mg the flexed joints until they come into 
full extension Man> times this can be done 
by plaster and wedgmgs After they are in 
full extension, a retention sphnl or brace 
should be worn for a while to prevent a 
recurrence At times it is necessar> to 
lengthen resistant tissue b> some type of 
plastic operation 


CONGENITAL BANDS 
This condition may be similar to the last 
two conditions, but seems to differ enough 
to warrant a separate classification It is a 
rare condition, and only one case has been 
seen in more than 7500 orthopedic patients 
(Fig 5S) At birth the leg affected was 
smaller and the foot was in equinus ani 
there was a tendonhke band extending from 
the ischial tuberosity to the os calcis The 
band was divided at four places and the foot 
gradually stretched in dorsifiexion The 
equinus deformity was very difficult to 
correct, as might be expected when it is 
remembered that this was a congenital de 
formity The deformity, however, was cor 
reeled and the correction was retained 

ACHONDROPLASIA 
Achondroplasia is a condition of abnormal 
osteogenesis which produces a dwarf It be- 
gins m mtra uterine life There is a deficient 
formation of cartilage with prompt con 
version of cartilage into bone The long 
bones are stunted The centers of ossifica 
lion for the epiphysis appear about the 
normal age and are regular m contour and 
internal structure There is no disturbance 
in the ossification of the metaphyses This 
condition may be found in several genera 
tjons The arms and legs are short in con 
trast to the normally developing torso The 
hand is short and brosd and the hngers o! 
equal length IVhen these cases present a 
bowleg deformity m infancy they may be 
mistaken for rickets (Fig 59) lockets in 
X raj's show decalcified bones with poorly 
ossified epiphysis, and coarse trabeculation 
Achondroplasia shows short, broad bones 
with normally dense shafts 

Treatment There is nothing that can be 
done for the achondroplasia itself The bow 
leg deformity can be corrected by braces 
when seen early After about three years of 
age, as in rickets osteotomies are required 
to correct the bowleg deformity UTien an 
operation is needed a long oblique o^leol 
om> IS done on the tibia, beginning just 
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Fic 49 Congenilal absence oi upper part of 
tbix Falient sfso bas a congenital dislocation 
of nght hip with a deep false acetabulum on side 
of dium (lower iIlKsiratioii) Afl unsuccessful at 
tempt was made to reduce this defonroiy Con 
genital absence of upper half of sliafi and t>n>er 
epiphysis of tibia (upfer xllustraUon) I^tient was 
four years old when x ray was made Remaining 
portion of I bia is no larger in diameter than bbulx 
Fibula IS th cKcr than might be expected There is a 
dislocation of joints at knee and ankle so that 
weightbearing is impossible. Fool is turned m 
extreme varus because there is no support on medial 
side of ankle. Foot also presents forefoot addoctioR 
typical of a clubfoot. There are eight metatarsals 
and nine toes, there being an extra toe between the 
first and second No great toe present Second and 
Uiird toes fused. Pat ent learned to walk cm 
crutches and opposite normal foot. With extreme 
alroi^y and dislocat on of all three joints «i th s 
leg no attempt was made to make it weight bear 
me Later an extension apparatus may be wont. 


the defonmties hate to be considered as 
caused by faulty anlage of the e-Ttremities, 
certain embryonic stages may be recogmzed 
in dijferent t>’pes of defects 

Hie patient shown in Fig 51 is the only 
one in my senes Both the tibia and fibula 
arc about the same diameter and about the 
same length in both legs If the foot were 
not attached it nould be difficult to tell 
one from the other This case had manj as 
soaated congenital deformities 

Congenital Amputations Finally, asjTn 
metrical congenital hypoplastic anomalies 
might be illustrated by congenital anipufa 
lions (Fjg 52) These may be unilateral 
or bilateral, and vary from the loss of a 
small part of the foot to an absence of 
practically all of the ertremity Sometimes 
surgery is indicated to make a better weight 
bearing stump, by doing a re amputation 
Some simple type of extension apparatus 
should be used as soon as the child is old 
enough to alk, so that the remains of the 
leg may deielop with use WTiett the diild 
IS grown an artificial leg can be re«orted to 

CONGENITU CONSTRICTIONS 

Children are occasionally seen with deep 
arcular depressions about the upper or 
lower extremities The^e seem to invohe the 
skin and muscles down to the bone From 
the apjjearance of the«e, it might be easy at 
limes to imagine that these constrictions are 
the result of the umbilical cord being 
wrapped around the extremity (Fig 53) 
Frequently the parents uill giie this as an 
explanation of the deformity This would 
not explain conslnctures about fingers and 
toes (Fig 54) 

Congenital constrictions are seen once in 
about every 1500 orthopedic admissions in 
my senes In eiery case in this senes the 
diild has had clubfeet (Fig 55), and also 
every one has bad some deformity of the 
hands (Fig 56) This deformity has con 
stated of an absence of some part of the hand 
or fingers Often syndactylism is pre«cnt 

Treatment consists of separating the 
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fingers by plastic surgery The clubfoot de 
formity has been corrected by plaster and 
wedgings As a rule these feet are more 
difficult to correct than the average club 
foot For cosmetic reasons the deep band 
can be excised and the soft parts and skin 
drawn together with sutures The results 
are not so good as might be expected Most 
times the child does not seem to be incon 
\enienced by the constrictions, and for this 
reason they are usually left alone, and the 
treatment directed toward correcting the 
clubfoot and any other deformities that 
may be present 

COiVGCiVITAt CONTRACTURES 
Congenital contractures may involve any 
of the joints They are usually assoaated 
with other congenital deformities They 
often involve the shoulder, elbow, hip, knee, 
and at times involve the hand and foot 
Usually there is a limitation of motion in 
the joint, limiting full extension There is 
frequently redundant skin going across the 
flexureof the joint (Fig 57) The restriction 
of motion in these joints is quite different 
from the restriction of motion in arthro 
gryposis multiplex congenita In this latter 
condition the motion is free for a part of 
the range of motion and then it is suddenly 
stopped as if there were bony blocking or 
very strong adhesions In these cases with 
congenital contractures the motion is 
limited by the elastic stretch of the skin 
and soft parts These cases of congenital 
constrictions are not associated with club 
feet, while arthrogryposis multiplex con 
genita, on the other hand is associated with 
congenital clubfeet 

Treatment consists in gradually stretdi 
mg the flexed joints until they come into 
full extension Many times this can be done 
W plaster and wedgmgs After they are in 
full extension, a retention «;plint or brace 
1‘hould be worn for a while to prevent a 
cccurrence At times it is necessary to 
lengthen resistant tissue by some type of 
plastic operation 


CONGENITAL BANDS 
This condition may be similar to the last 
two conditions, but seems to differ enough 
to warrant a separate classification It is a 
rare condition, and only one case has been 
seen in more than 7500 orthopedic patients 
(Fig S8) At birth the leg affected was 
smaller, and the foot was in equmus, and 
there was a tendonlike band extending from 
the ischial tuberosity to the os calcis The 
band was divided at four places and the foot 
gradually stretched m dorsifiexion The 
equmus deformity was very difficult to 
correct, as might be expected when it is 
remembered that this was a congenital de 
formity The deformity, however, was cor 
reeled and the correction was retained 

ACHONDROPLASIA 
Achondroplasia is a condition of abnormal 
osteogenesis which produces a dwarf It be- 
gins in intra uterine life There is a deficient 
formation of cartilage with prompt con 
version of cartilage into bone The long 
bones are stunted The centers of ossifica 
tion for the epiphysis appear about the 
normal age and are regular in contour and 
internal structure There is no disturbance 
in the ossification of the metaphyses This 
condition may be found in several genera 
tions The arms and legs are short m con 
trast to the normally developing torso The 
hand is short and broad and the fingers of 
equal length When these cases present a 
bowleg deformity in infancy they may be 
mistaken for rickets (Fig 59) Rickets in 
X rays show decalcified bones with poorly 
Ossified epiphysis and coarse trabeculation 
Achondroplasia shows short, broad bones 
With normally dense shafts 
Treatment There is nothing that can be 
done for the achondroplasia itself The bow 
leg deformity can be corrected by braces 
when seen early After about three years of 
age, as in rickets osteotomies are required 
to correct the bowleg deformity ^Vhen an 
Operation is needed a long oblique osteot 
omy IS done on the tibia, beginning just 







OSTEOGENESIS IMPERFECTA 


distal to the upper epiphyseal line and ex 
tending obliquely downward from the lateral 
to the mednl side of the tibia \Vhen the 
shaft of the tibia has been completely di 
vided, the upper end of the fibula should 
be greenstick fractured in order to remove 
any tension which might cause preesure 
'ores under the plaster when the deformity 
IS corrected This permits easy correction 
of the bowleg deformity as nell as correc 
tion of the inward torsion, and affords a 
long area of new bone formation, which 
gives a solid union strong enough for weight 
bearing in six to eight weeks 

CHONDRODYSTROPHIA TOETALIS 

Ferguson* says 

Conditions characterized by altered rate of 
growth of bone from cartilage are to be 
classed as chondrodystrophy Delayed growth 
of cartilage and of bone irregularly at the 
epiphyseal discs produces short broad bones, 
which are characteristic of chondrodystrophia 
foetalis There is always some degree of irreg 
ularity of the epiphyseal line and there may 
be marked deformity of outline and texture in 
the metaphyseal and epiphyseal regions 

Brailsford’ describes a number of similar 
cases under the term “cbondro osteodys 
trophy,’ and divides these into four classi 
fications He says 

In chondro osteodystrophy, which may also 
produce a dwarf skeleton, marked irregulan 
ties m ossification can be demonstrated at the 
tnetaphysis, but in achondroplasia after birth 
there is no evidence of departure from the 
normal One might say that whereas in 
achondroplasia there is an error m the Archi 
tecl’s plans, m chondro osteodystrophy the 


defeats in stature are due to defectue build 
tng material 

The X rays show large gaps between the 
osseous nuclei in the epiph>«es and the 
metaphysis These changes indicate defec 
tive ossification There are pressure de 
formities of these areas (Fig 60) In the 
Case shown, there is a coxa vara in the right 
hip with a wide epiphyseal line which i' 
perpendicular instead of tran'\er'e ind at 
the right knee an absorption of lime saU' 
on the medial side of the tibial metaphwi' 
giving a knock knee deformity ind i stiU 
more marked change in the lower end of the 
left femur The active stage of the d uoph\ 
appears to cease when the epjph>«eil hi es 
fuse The pressure deformities renn i i 
evidence that a dystrophj existed 

Treatment There is nothing that can 1 e 
done for the dystrophy itself Braces maj 
be worn to help correct some of the ie 
formities, and to prevent the deformity fro n 
increasing An osteotomy can be done 
through the defective bone with as good 
chance of union taking place as if it were 
normal bone There is a greater chance of 
one operation correcting the deformity if 
operation is postponed until the epiphyseal 
lines have fused, but most times it is neces 
sary to correct these deformities when the 
patients are young, so as to get the bones in 
a weight bearing alignment When this is 
done early the abnormal metaphysis takes 
on the appearance of normal bone after a 
year or two 

OSTEOGENESIS IMPFRFECTA 

Great confusion exists m the literature 


Fig 50 Congenital absence of entire tibia Femur of left leg is a little short (A) Knee is 
partially flexed and adducted It can be fully flexed but can be extended only a little bejond 
a right angle There is a dimple in the skm just beiow knee which is 2 cm in length External 
malleolus presents a sharp angular appearance at its loner end Foot lacks the support of a 
medial malleolus so it is turned inward so that medial side of foot rests against media! side 
of loner leg Foot is in an extreme equinus deformity, and when turned back under fibula is 
parallel with it (15) X ray shows a fibula a little tfucker than normal with dislocation at knee 
and ankle (C) Patient was fitted with an extension apparatus (D and C) In order to avoid 
straps over the shoulder to keep brace on advantage was taken of the fact that his knee was 
fixed near a right angle, and the brace hung on the lower leg to keep it from slipping off He 
could sit on ring at upper end, and learned to walk nicely without crutches or further support 



A 


F 
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girl presented sg'eralSOTlt'pSe “ forTS"iMlt‘''£^e°ha? This 15 month-old 
formities (A) She had no fingers on either hand and unusual and multiple de 

le^ n ere shorter than normal and knees and mkles 4 “dito rf''?he"l i" ‘iT "T* 1 ?°“’ 
and ii-as unable to bear n eight »hen placed on her fS rSmiIS. la n ‘ Iry to PuH up 
trithin 60" of lull eatension and left to tiiihin «" There ™'l 

Uiey ^re motrf and they slipped backsrard and Innrarf ? tK ntrn^' S i""? "a,? 
Both bones m loner legs nere about same diameter and lenSh fB 4d r"l ni 1 
eatended they slipped fomard (D) B.U. slight pre4re i'^n^dlb'il '“uW bTpuThrf 

(Com nutd on next fagt) 
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Fio. 52. Congenital amputation ol lower leg. Patient was bom 
with a congenital absence of foot and lower part of tibia and fibula 
on left (A). Also a fusion of the lateral three fingers of left hand. 
Fin‘’ers were separated by operation A simple e-ttension apparatus 
was^first applied to left leg (B) Later an artificial leg was made. 


as to the nomenclature of this disease. Hess 
divided this condition into (a) osteogenesis 
imperfecta congenita, in which condition the 
fractures occurred at birth or in early life 
(these children are either stillborn or sur- 
vive only a short time ) , and (b) osteogencMs 
imperfecta tarda, where the fractures de- 


veloped between eight and 16. This is the 
idiopathic osteopsathyrosis which was de- 
scribed by Lobstein in 1833. This condition 
is also referred to as fragilitas ossium. It 
has been stated that this is not a good term 
as there are other conditions which give 
fragile bones, like bone cysts and metastatic 


back under lemur (E). There nas a congenital ab^ce of both patellae. There tcM rotation 
of 180" in each knti jilnt. Motion was as lr« Iatet^y?s .t WM m antenor-p™ error d.rect, on 
There was a deep scar over right koce and lateral border of right ankle. Double os calci were 

’’'TSMfiugem iere fashioned on each hand by plasUc surgery enabling her to hold toys and 
feed herself FleNton deformities of knees wey corrected '>y “’'f 

tormities were corrected by plasters and wedgin^imilar to method used m corrKtion of 
Clubfeet (F). Braces were necessary to control relaxed knees and ankles (G). She first learned 
to walk holding to parallel bars. 
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bone tumors Osteopsathyrosis is the term 
most applicable, as its roots <5ignifv “bone 
and ' crumbling ” 

Gom^ says that there are three entities 
which may be fairlv well distingui'^bed one 
from another (1) Osteogenesis imperfecta, 
(2) nonhereditary idiopathic osteop«aibjvo- 
ets and (3) hereditary osteopsathyrosis, 



Fic 53 Congenital constrictures 
of thighs Patient al o has bilateral 
clubfeet, deformities of hands, 
elbowa and shoulders and of hips 
and knees Grandmother says um 
bdical cord ^"as rsound around legs, 
nhich caused constrictions Club 
foot deformity was corrected by 
plasters and wedgiags Patient died 
ol «cailel fe\et before treatment 
waa completed 

nhich IS the blue sclera and brittle-bone 
group 

OSTEOCENTSIS IMPERFECTA Co’vCZNlTA 

WTule many cases are bom with fractures 
and Ine only a short nhile, «ome of fhe^ 
cases live to adult life Some remain unable 
to walk, and others lead an active life after 
adole^ence, after recovery from many frac 
tures 

The radiographic appearance m osteo- 


genesis imperfecta varies with the age o! 
the patient and the severitv of the di«order 
Some cases show bones in early life which 
are broader and iborter than normal, and 
which lack the molding of normal bones;i 
There is a marked osteoporosis of the en 
tire skeleton, with clublike evcpansion of tht 
extremities of the bones The apparent ex-" 
pansion only appiears so because of 
narrowing of the shafts of the long bones 
The vertebrae show compression of the 
bodies, giving them a biconcave shape 
There may be a marked scoliosis In addi 
tion to the deformities from the multiple 
fractures, the bones show pressure deformi 
ties from gravity or weight bearing Toward 
puberty the shafts of the long bones appear 
to shrink more while the ends retain their 
normal size The cortex of the shafts be % 
comes more compact, and the medullaryr 
cavity quite narrow The bone» which are 
curved do not show the increased density 
along the concave side of the cune as is 
seen in nckets After the patients reach 
puberty there is less tendency for the bones 
to fracture For this reason ovarian extract 
has been given to girls before puberty and 
these few cases did not have any more frac 
tures Ryam recommends thymus extract 
by mouth, because his work showed that 
this increased the amount of callus about 
fractures, and the few cases who received 
this did not have any more fractures 
Treatment of fractures m tfae«e patients 
IS the treatment of fractures m general 
Even though the structure of these bones 
IS abnormal, they throw out callus rapidly, 
and when properly treated heal promptly 
Care «diould be taken constantly to prevent 
fractures, and aUo deformities, as the bones 
are soft and bend easily, even from gravity 
Parents tire of taking the child to a doctor 
«o often because of the many fractures and 
they should be cautioned not to let slight 
injuries go untreated, as a slight fracture 
may heal in deformity I have one patient 
now IS years old for whom I have reduced 
26 fractures al as many different times in 




A B C 

Fig 54 Congenital constriction of lower leg and toes A year old boy with con 
genital constriction above right anUe (A) Left foot was a clubfoot which was partially 
corrected elsewhere There was contracture of each great toe which could not be caused 
by umbilical cord with congenital absence of toenail on left (B) Also deformities of 
both hands (C) Remaining clubfoot deformity on left was corrected and atrophied 
webbed fingers were separated 



Fig 55 (Left) Congenital constriction of lower leg Congenital 
constriction above left ankle Bilateral clubfeet Congenital amputa 
tion of lower thud of right forearm Congemtal amputation of three 
fingers left hand Clubfoot deformity was corrected by plasters and 
wedgings 

Frc 56 Congemtal constriction of lower leg Bora at seven 

months following injury to mother m streetcar accident Dorsum of 
left foot IS said to ha\e rested against tibia Photograph at five years 
shows constriction abo\e left anUe He also has constriction of great 
toe on left, and atrophy of lateral toes Second and thud toes show 
constrictions and fourth and fifth toes are webbed There is a flat/oot 
deformity on left Fingers show congenital constrictions and ampu 
tations 






A B C D 


Fig 57 Congenital contractures of shoulders fingers hips and knees Patient was one 
month premature She “lat alone at 8 months crawled at 14 months \\ as first seen at 
20 months (A) She had limitation of motion m shoulders hips knees and fingers Also 
fusion of two long segments of the spine an occult <pina bifida and a congenital scoliosis 
She was «low in her mental development learned to walk vnth braces at age four She 
weighed only 25 pounds at 6}4 years Knees could be extended onl> to within 30® of full 
extension She had a «eries of plasters and wedgings to get knees in full extension (B) 
There i» a web of skin across axillae from arms to chest and also a web of skin back of 
knees across popliteal «pace (C) even though knees now come m full extension A brace 
was worn to keep knees straight (D) This was attached to a body brace to support the 
scoliotic spine Brace has a crutch under left axilla to elevate left shoulder She later 
walked Without braces but redeveloped flatfoot deformities which bad to be corrected 
with plasters and a new brace appl ed 


Fic 58 Congenital band on posterior 
surface of leg At birth entire right leg 
was smaller than left and foot was m 
eqmnus Patient learned to walk at 16 
months She was unable to wear shoes be 
cause of equ nus deformity (A) There 
was 3 tjght band exlcndiqg from ischial 
luberositv to heel (B) Right foot could 
be dorsiflexed only to within 70® of a 
right angle and knee could be Kclended 
onl> to Within 25® of full extension 
Range of motion could not be mcreased 
by force At lime of operation Achilles 
tendon was lengthened bj three partial 
transverse incisons in usual manner but 
foot could not be dorsiflexed It was found 
that there was another band of tissue 
beneath Achilles tendon This was also divided which allowed foot to come up into 
belter dorsiflexion In order to get knee m full extension and to rel eve pull this firm 
tendon like cord was divided at two different levels m the calf and at two m the thigh 
Foot still could not be brought up to a ngbt angle This was gradually brought up in full 
dorsiflexion bj plasters and wedgin'^ TTus foot was more difficult to bnng up than a 
resistant clubfoot Deformity of foot and knee were *til! well corrected when last seen, 
three j ears after treatment (C) 




OSTEOGENESIS IMPERTECTA 


femurs and tibiae and who is now leading 
an active life 

Osteogenesis Imperfecta Tarda 
Nonhereditary Idiopathic Osteopsa* 
thyrosis Nonhereditary idiopathic osteo 
psalhyrosis is an exceedingly rare condition 


ture IS the great disproportion in the size 
of the epiphysis as compared with the 
diaphysis of a long bone The diaph>si>, is 
slender and usually very irreguhr The cor 
tex IS thin There is a general decrease in 
the density of the bones and they have a 
fibrous appearance Usually there are 



A B C 


Fro 59 Achondroplasia bowleg deformi(> This patient has alnays been shorter than 
normal in stature She walked at one year Bowleg deformity first noticed at age two 
She was not brought for treatment until she was age five (A) At this time she was 
30 inches tall and weighed only 24 pounds She looked like a dwarf and had a marked 
bowleg deformity X ray showed bones of legs to be shorter and thicker than normal for 
this age especially m lower legs (C) There is no disturbance of epiphyseal 1 nes but 
there is a thickening of metaphysis e«peciallv just below proximal epiphyseal line of 
libia There is not so much increase in density along concave part of curve of tibia as is 
usually seen in rickets Double bowl^ braces (B) were applied with considerable improve 
ment when seen ten months later Final result unknown 


and because of the confusion of the nomen 
clature is difficult to separate accurately 
from the other conditions causing fragile 
bones It is a disease of infancy and child 
hood It IS characterized by multiple fnc 
tures which follow stresses which ordinarily 
would not produce a fracture 
According to Gom the x ray findings are 
fairly characteristic. The most striking fea 


marked deformities and one or more frac 
tures are seen The epiphysis is normal 
whidi differentiates this condition from 
rickets 

Hereditary Osteopsathyrosis (Brittle 
Bones and Blue Sclera) Hereditary osteo- 
psathyrosis includes the cases best known 
as brittle bones and blue sclera This con 
diUon occurs much more frequently thaq 
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the last two mentioned, and was first de- sium hereditary deafness, and hypermotibiy 
<CTibed by Spurway’^ in 1894 Kcj*® made a of the joints All of the abnormalities <eem to 
verj careful study of these cases and called be due to defects in the development of «ome 



A B C 

Fio 60 Chondrodjstrophia foetalis This year-old boy was Ino months premature 
He did not walk until ajted 19 months Walkw with a waddle when fir«t seen at age 
years Shortly after birth it was noticed that left knee could not be straightened and that 
It was in a bowlegged position He wore braces for a while without improvement 

Left femur was 2 cm shorter than right X ray shows a disturbance of normal ossifica 
lion at many epiphyseal lines There is a wide epiphyseal line m right hip (A) Almost 
no neck present, and metaphy<eal bone b irregular As result of pressure from weight 
bearing a coo vara deformity has developed Left hip shows a punched-out area in 
metaphysis of the neck (The mothers blood Wassemiann was negative ) Lower end of 
right femur is normal (B), but there is an increased density of metaphysis of upper end 
of tibia with an absorption of lime salts on medial side As a result of this a bowleg 
deformity is present Deformity at lower end of left femur is condition which brought 
child for treatment (C) Parents thoucht doctor might have fractured this leg at time of 
delivery, but the history does not suggest this Feroonl condyle u displaced (rowi under 
tibia and is medial to weight beanng line There is ako an area of increased density 
proximal to epiphyseal line 

A cuneiform osteotomy was done proximal to epiphy«eal line at lower end of left femur, 
and condyle repbeed directly under femur, restoring normal alignment Bone healed in 
usual time, giving a nice correction of deformity Slight bowleg deformity on right was 
corrected with plasters and wedgings 


them ‘ hereditary hypoplasia of the me«en 
chyme’ He says 

The most prominent feature of the condi 
tion la that the sclerae of the affected pCTSons 
appear to be china blue in color and that the 
blue sclerae are transmitted as a dominant 
hereditary characteristic Many of the af 
fected persons are alilicted with fragDitas os- 


of the tissues which arise from the mesen 
chyme 

Hedoes not consider apalient as belonging 
to this group unless there is another case in 
the family The affected persons are smaller 
in stature. Several of my cases showed a 
premature fusion of the cpiphy«eal lines 



OSTEOGENESIS IMPERFECTA 


Key states that “all authorities are agreed 
that the blue of the sclera is not due to a 
pigmentation but is the result of an ab- 
normal transparency of the sclerotic coat 
of the eye, ^hich permits the blue uvea 
to shine through ” The color varies with 
different members of the same family 

A very high percentage of these cases be- 
come deaf in adult life. The deafness is of 
the otosclerotic type 

Seventy per cent of the cases with blue 
sclera have had fractures Again quoting 
Key: 

In contrast to osteogenesis imperfecta the 
are nuT as a rmV pnranrf at iiVnV 
and are not spontaneous In most cases they 
occur in early childhood and are always as- 
signable to a definite cause, though the causa 
tive force is often less than would be necessary 
to break a normal bone 

The fractures occur from time to time 
during childhood, and usually cease about 
puberty They are usually simple transverse 
oblique, and often without displacement 
The shafts are weaker than the epiphysis, 
so the epiphyses are seldom fractured Key 
mentions that the pain is slight in these 
fractures, but many of my patients have 
complained of about as much pain as the 
average fracture case ^Tiere there is no dis- 
placement and no stripping of the perios- 
teum, the fracture heals with a minimum 
amount of callus 

The fibrous structures supporting the 
joints are unusually loose, and the range of 
motion is greater than normal. Some fami- 
lies show this more than others A few 
cases show a tendency to dislocation of the 
Joints. 

X-ray of the bones show a marked de- 
crease in density of the bones The shafts 
are slender and the structure coarsened 
The tibiae frequently show a marked an- 
terior bowing, with a flat nbbonhke shaft 
The cortex is thin. There is not the marked 
change from normal which we see In the 
groups mentioned above. The bones show 
the evidence of old fractures, and some- 



Fic 61 Osteopsathyrosis bluesclerae 
and brittle bones Nothing abnormal no 
ticed about this babj until she was three 
months old, except that «he had a 
slightly enlarged head No one m family 
with brittle bones At age three months, 
an alarm clock scared her, causing her 
to kick suddenly, she fractured left 
femur — her first fracture Bones at this 
time show little change from normal 
During next four years she had 13 frac- 
tures of femurs and tibiae Each time 
fractures were reduced Vitamins and 
heliotherapy given When plasters were 
left off it would not be long until '^he 
had another fracture, often without an> 
known trauma X ray shows condition 
at years She was still being carried 
on a pillow. \\Tien she was four months 
old her right femur measured 1 I S cm , 
when she was 45^ years old same femur 
measured only 13 S cm Temur had 
RTOwm only 2 cm during first four years 
Bones show an apparent expansion of 
the ends. There is no increase in density 
along concave side of curx’ed bones since 
patient is not bearing weight on the 
bones. All bones in body show' decalci- 
ficaiion Sclerae are inky blue 
According to Key, as quoted above, 
this patient should ha\e a history of 
cases in other members of the family to 
be classified in this group. From every 
other standpoint the case is tj'pical. 
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Fic 62 Blue sderae and brittle bones Patient did not learn to nalk until ai^e two 
At four she fractured nght leg by a slight fall, and less than a jear later slippy on a 
mg and fractured left leg Had a fractured left elbow about this same time Has been 
unable to walk on crooked legs e\er since the fracture, so has crawled on knees until 
she was first seen at age of 14 Sderae are a light blue-njefinitcly abnormal, but not 
so dark a blue as in some ca«e> Blood calcium was 1 1 7 mg per 100 cc of «erum and 
phosphorus 3 8 mg There is marked anterior bowing of both tibiae, and the bones 
are flat and nbbonlike 'Mu«cles of calves ilabb} and feet small Lateral x ray of right 
lower leg shows bowing like the letter * U” (A) There xs atrophy of bones with 
increased density at middle of tibia where curve is most marked Neither tibia nor 
fibula shows any increased density on concave side of curve as is 'ecn m rickets 
At time of operation bones were ver> hard and brittle It was planned to fashion a 
mortice and tenon \Mien an attempt vva^ made to cut them lhe> were brittle as china 
\11 of the anterior bowing could not be corrected at time of operilion After two and a 
half weeks the plaster was changed, and more correction obtained Union had already 
occurred to our surprise, that the bone could be felt and heard to break when force 
was applied Firm union was obtained in about the u^ual time following osteotom} of 
both tibia and fibula Fibub had crossed over under the tibia, and the two bones were 
so close together that all four fragments fu«ed in a soLd mass (B) show^ results 'ix 
months after operation Braces were worn for protection A >ear after operations, 
patient tripped and fell and fractured right femur The fragments continued lo slip 
and an open reduction was done Good union Three jears after operation, and while 
still wearing braces, patient tripped and fell and fractured right tiba at point of 
operation (C) This healed promptlj with application of plaster Eight jears after 
operations, and at age 23, she is walking aclivelj and is having no further trouble 
with her legs 
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times a premature fusion of the epiphjisis 

Some cases of fragile bones can be fitted 
into these classifications, while others are 
found which are contrary to the differential 
points given The child shoivn in Fig 61 
has deep blue sclera, and still she best 
illustrates osteogenesis imperfecta con 
genita At three months she broke her leg 
by kicking it suddenly During the first four 
years of her life I treated 13 fractures for 
her in both femurs and tibiae There was 
practically no growth in length in four 
years, and the bones which were fairly 
normal looking at three months show the 
extreme atrophy with all the changes de 
scribed, at 45^ years 

A more typical case is that of a 14 year 
old girl who had crawled on her knees since 
the age of five (Fig 62) Her bones showed 
atrophy, but were more typical of the 
average case of blue sclera The marked an 
tenor bowing of the tibiae was corrected by 
osteotomies The bones healed readily after 
the operation The last fracture was at the 
age of 17 At her present age of 23, she 
walks actively and keeps house and works 
in a cotton mill 

I have another family in which two sis 
ters and a brother have had brittle bones 
without blue sclera They have had mul 
(iple fractures I ha\e reduced 26 fractures 
for one of the girls The brother and one 
Sister have each married, and they each 
-have a ri.'.U mlh bniih 3f>S 
fractures These cases would meet all the 
requirements for this classification except 
the blue sclera These are mentioned to 
show how difiicult it is to fit all cases of 
brittle bones into the above classifications 

MULTIPLE CARTILAGINOUS 
EXOSTOSES 

Ehrenfned® described 1 distinct clinical 
form of multiple exostosis as “hereditary 
deforming chondrodysplasia ” In addition 
to the exostoses there is a bending and 
shortening of the bones and a widening and 
irregularity of (heir metaphyseal ends It is 


congenital and may be traced through sev- 
eral generations It is most often seen be- 
tween nine and 20, and affects the bones 
of the forearm and lower leg most often, 
but also ^frequently involves the humerus 
and the femur 

This IS one of the easiest conditions 
among bone tumors to diagnose by x ray 
There are multiple exostoses about the ends 
of the bones either of the pedicle or broad 
base type The exostoses point away from 
the joint in the direction of the muscle pull 
There is a marked widening of the meta 
physeal ends of the bones Often the upper 
end of the fibula is expanded and fused to 
the tibia (Fig 63 B ) 

Treatment There is no treatment for 
hereditary deformitj chondrodysplasia ex 
cept excision of the growth which is causing 
trouble If the tumor becomes sore and 
painful or causes injurj to nerves or \es 
sels, or interferes with function, it should 
be removed immediately Occasionally they 
become malignant and so should be removed 
if they begin to grow suddenly In removing 
any exostosis care should be taken to re 
move all of the periosteum covering the 
bony mass and also to remove some of the 
normal cortex with it m order to prevent 
recurrence The soft parts are dissected 
away from the tumor and the periosteum 
cut through on the cortex of the shaft a few 
millimeters from the base of the exostosis 
A pSTi oS ihe cortex together with the tumor 
may be removed with a chisel 

A typical case is shown m Fig 63 The 
father the same condition with a similar 
distribution of lesions The exostoses are 
distributed above and below each knee and 
about the ankles Only the mass abo\e the 
right knee on the medial side ga\e pain, and 
this was removed Later the one below the 
right knee became sore and was removed 

CONGENITAL COXA VARA 

Congenital coxa vara is a rare deformity 
of the hip, characterized by a progressne 
lessening of the angle between the neck and 




Fig 6i Multiple cartilaginous exostoses 
Exoslo«€s f rst noticed when patient was be- 
tween two and three jcars old He d d not 
haxe soreness enough in the knots to come 
for treatment until be was aged 1 1 (A) He 
has an exostosis o%er upper end of each 
humerus as well as abo\e and below each 
knee and oscr lower end of each tibia ALo 
nodules on the ribs Examination of the father 
(B and C) shows txo'tosis aboxe and below 
knees xery simibr to the sons but not so 
large \ raj of father’s right knee shows bony 
strue going across from expanded head of 
fibula to tibia showing that these tno bones 
haxe fused \ raj’s of sons knees (D and E) 
(Ce«/ nueJ cn ntJt fagt) 
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Fig 64 CongenilaJ coxa \ ara Patjent did not begm lo limp until aged three At age 
four (A) there was a definite hmp with 1 cm shortening on left X ray shows bead and 
neck at almost a right angle to shaft, with a \erticai epiphyseal line Instead of the more 
nearly transverse epiphyseal Ime Center of ossification for greater trochanter beginning 
to present more of a beakhke appearance 

Six years later (B) she had more hmp and left hip was m an adducted position which 
could not be corrected Left leg was 1 5 cm shorter than right by actual measurement 
but was apparently S S cm shorter due lo adduction Angle between neck and the shaft 
had decreased to 57* Greater trochanter was more prominent Atrophy of head still 
present Jschium and pubis at symphysis show a congenital lack of development There 
is also a congenital absence of most of each clavicle and some abnormalities of spine 

Because of apparent shortening on left and inability to abduct a subtrochanteric 
osteotomy was done, and a Hoke plaster traction apparatus applied with plaster on 
well leg and traction on left by means of adhesive Position of hip shown one month after 
operation is satisfactory (C) Operation done at age ten At age 14 she has practically 
full range of motion in left hip She walked on toes of left foot before operation but four 
>ears after operation she places left foot flat on floor and is free irom discomfort 


the shaft of the femur A careful study of 
this condition has been made by Zadek 
Frequently it is not noticed during the first 
two or three years of life The child then 
develops a painless limp, which becomes 
painful by adolescence Should the neck 
gi\e away and nonunion develop, the dis 
ability becomes marked Examination in 
addition to the limp shows an elevation of 


the greater trochanter a shortening of the 
leg due to the adduction deformity, and a 
limitation of motion in abduction There 
IS a positive Trendelenburg sign The head 
of the femur can be felt in the groin This 
condition might easily be mistaken for con 
genital dislocation of the hip It has also 
been mistaken for a fracture of the hip 
Occasionally there are other congenital de 


show, in addition to exostosis, the same widening of the melaphyses of tibia and fibula and 
femur This is xery evident when metaphyseal region is compared mih shafts only a small part 
of which show in these x rays Exostosis on medial side of right femur was remo\ed (F) This 
shoivs the numerous cartilaginous outgrowths It is still covered with smooth glistening 
periosteum At base can be seen normal cortical bone, which was removed along with tumor 
(It IS wise to remove apparently normal cortical bone beneath bases of all osteomata and 
cxostoses m order to eliminate risk of recurrence — ^Ed ] 
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formiUes The coxa vara becomes more 
marked from weight bearing (Fig 64 A and 
B) 

The X ray of the hip suggests a loss of 
substance as m a fracture It also shows 
the diminution m the angle bet\\een the 
neck and the shaft of the femur In the 
case illustrated the angle changed from a 
right angle at the age of four to an angle 
of 57® at ten The epiph3seal line is vertical 
instead of the more nearly transverse line 
shown normally ^t times it may branch 
like an inverted “i enclosing bone be 
t^\een the tno arms A coxa vara is shown 
in Fig 6Q where the ep!ph>seal Ime is very 

■j.vde b.'j.X vs xlae. Vyp ?*w<iv'p.g vw 
this condition Another ca«e of coxa vara 
IS shown in Fig 42 The trochanter is ele- 
vated and has a beaked appearance There 
IS a slight actual shortening of the affected 
leg but a marked apparent shortening 
due to the adduction of the affected hip 
These patients italk on the toes of the 
affected leg to compensate for the shorten 
mg 

It IS difficult to restore the bip to normal 
function but it can be greatl) improved b> 
operation Zadek suggests drilling mulbple 
holes m the neck of the femur to improve 
the blood supply and to stimulate ossifica 
tion A subtrochanteric osteotom> is done 
to correct the angle of the neck Sorrell” 
removes a wedge shaped section of bone 
from the lateral side of the shaft in doing 
this osteotom> and inserts the fragment of 
bone reversed so that the base of the wedge 
IS on the medial «ide of the shaft 

In doing a subtrochanteric osteotom> in 
an ankjlosed hip it is easy to control the 
position of the fragments becau«e the short 
proximal fragment is fixed and the length 
of the leg gives good control of the distal 
fragment WTien an osteotom> is done on a 
movable hip as m congenital coxa vara it 
15 difficult to control the proximal fragment 
It has been mj experience m treating these 
cases that the head and neck will rotate 
and that the adduction deformity cannot 


be well corrected I have used a Hoke well 
leg traction apparatus after operation with 
plaster on the well leg and with the metal 
traction apparatus placed in abduction and 
have made gentle traction on the leg b> 
means of adhesive In this wa> we were 
able to prevent «;hortening and were able to 
maintain the abduction with satisfactorj 
results (Fig 64 C) 

CONGENITAL DEFORMITIES 
OF KNEE 

CONCEMTAI, DISLOCATIOV OF KnEE 

The tibia is practically always displaced 
anteriorlj and there is often an associated 
gtvN. wiK.vctJcim. ¥v^ iT/i E. sAvwit *Ait 
X rajs of a dislocated knee showing the 
bones of the lower leg displaced forward 
when at rest with a little pressure the 
bones of the lower leg can be made to slip 
back under the femur The photograph of 
this «ame patient after correction shows a 
dimple ov er the knee which suggests some 
congenital abnormality about the knee The 
range of motion in the<e knees was limited 
so that the right could be extended onl> to 
wuh n 60® of full extension and the left to 
wnlhm 45® There was marked crepitus 
when the knees were moved Each lower leg 
could be rotated under the femur about 
180® Also there was free lateral motion in 
the knees The flexion deformity was cor 
reeled b> plaster and wedgings 

In correcting flexion deformity of the 
Knee a long cast should be applied extend 
itig from the toes to the upper thigh A 
few days later the cast is cut about three- 
fourths of the way around at the knee 
leaving a hinge of plaster anteriorly 
ttooden blocks are inserted between the 
edges of the cast posteriorly \fter the block 
is m<!erled a plaster bandage is applied to 
hold it in place A progressively larger block 
is inserted once or twice a week WTien the 
deformity has been corrected a brace 
should be worn to hold the knees straight 
(Fig 51 G) After full growth has been ob- 
tained a knee fusion may be indicated 



CONGENITAL PSEUDARTHROSIS OF TIBIA AND FIBULA SS 


Congenital Genu Recuevatum 

This IS a rare deformity, m which the 
quadriceps muscles and tendon are short 
ened This should be treated by plaster and 
vvedgings as described in the paragraph 
above, only here the blocks are inserted an 
tenorly on the concave side of the curve 
When seen in older children a plastic op 
eration on the quadriceps tendon is also in 
dicated 

Congenital Dislocation of Patella 

A congenital absence, or a congenital dis 
location of the patella should not be diag 
nosed by x ray until the child is four years 
old as the center of ossification for the 
patella does not appear until the beginning 
of the third year However, the cartilage 
for the patella can be felt at birth, and the 
position of the patella ascertained 

A recurrent or habitual dislocation is dif 
ferent from a congenital dislocation In re 
current dislocation, the patella was in the 
normal position at one time and later be 
came dislocated It may have been dis 
located by injury, after which it redislocates 
easily It is thought in recurrent disloca 
tion that there might have been a predis 
position to dislocation as the result of a 
congenital laxity of the joint or an ab 
normal anatomic contour of the knee as a 
flattening of the lateral condyle or a knock 
knee A true congenital dislocation is fre 
quently associated with a major deformity 
(Figs 43 and 45) It IS rare to find a patella 
dislocated as shoivn in Fig 6$ If there is 
an associated flexion deformity of the knee, 
this should be corrected and if the quadn 
ceps muscle is absent as in this patient a 
brace will have to be worn to stabilize the 
knee This patient later developed an osleo 
arthritis in the knee with so much pain that 
a knee fusion may well be indicated Where 
the quadriceps tendon is active any of the 
operations used for the recurrent disloca 
tions of the patella may be used for con 
genital dislocation [See Chapters 15 and 37 
for procedure —Ed ] 


Congenital Synostosis of Knee 

Tins condition is usually associated with 
a major deformity of the leg frequently 
with a congenital absence of a part of one 
of the long bones (Fig 43) In this patient 
the epiphysis of the femur and tibn fuse 1 
giving the appearance of a patella beiwe 
the bones In order that she might near an 
artificial appliance the flexion deformii\ 
this case was corrected by a cuneifcr 
osteotomy through the knee care t e 
taken not to injure the epiphyseal line 
Another patient with congenital syno'^tosis 
of the knee also shows a congenital absence 
of the fibula (Fig 45) There is a lusion of 
the epiphysis of the femur and tibia and an 
absence of the patella He was able to wear 
an extension apparatus without need for 
an operation to correct the slight flexion de 
formity of the knee 

CONGENITAL PSEUDARTHROSIS 
OF TIBIA AND FIBULA 

The pathology of congenital pseudarthro 
SIS of the tibia and fibula is not known 
but It IS evidently due to a congenital ab 
normality of the structure of the bones in 
volved A congenital pseudarthrosis is en 
tirely diiferent from a fracture seen m 
normal bones at birth or later In normal 
bones especially in children where there is 
a fracture, there is an abundant formation 
of callus with rapid healing This is always 
true m birth fractures in the humerus and 
femur In these congenital pseudarthrosis 
cases there is no callus laid down and non 
union persists The fracture is usually at the 
junction of the middle and lower third of 
the tibia, or just above it 

Many Umes we do not see these cases 
until after the fracture has occurred In my 
senes of ten cases I have been fortunate 
enough to have observed some of these 
bones before the fracture has occurred In 
these cases the bone is definitely abnormal, 
and dosely resembles the bowed tibia men 
tioned above under abnormalities of the 
tibia (Fig 48) There is an anterior bowing 




Fic 65 Congenital dislocation of patella with absence of quadriceps Patient was bom 
with left knee fleted \Mien «he was aged iyi jears she was given an anesthetic else 
where left knee was forcibly straightened and plaster was applied for *ix weeks Deform 
ity graduall> recurred \\Tien first «een at age II, she walked with a bad limp with left 
knee flexed (A) Knee could be forcibly extended on!} to withm -10® of full extension 
Patella could be fell I>nngo\er lateral condjleof femur and just above head of fibula (B) 
There was no quadriceps tendon going over anterior surface of knee She had complete 
loss of power in extension of knee 

Deformity was corrected b> plasters and wedgings and a brace applied to hold knee 
in extension (C) After a while “he di«coRtmued brace and knee became flexed and ver> 
painful, and tibia was found to be dislocated posteriorly under femur (D) In order to 
correct posterior dislocation and flexion deformity of knee, a Kirschner wire was inserted 
m upper end of tibia and b> overhead traction tibia was pulled forward and dislocation 

(CenttHUfd cn next 
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Fk 66 Congenital pseudarthrosis of f bula mth Klerosis and ‘‘5^. 

ncht lower lee was bowed anteriorly and laterally W ben seen at age 16 months she had 

SliaTed llSk slfhS Ld nUnm™ traeJmp 

X rav (A) shows ununited fracture of fibula just below junction of middle ana lower 

thirds Tibia shows an increased density of middle third with lateral bowing There is no 

etidence of a crack or cyst m tibta Lateral view (B) shows 

on concave side of curve Parents were told that Ibis tibia "““'j* “ 

made to immobilize and protect tibia Three inimtbs later while wearing brace patiem 

slipped as she was climbing around a rocking cb^r burli ^ mrif.nn m tihia fCl 

after the fall she was brought for examination There was false moUon in tibia (C) 

Plasters were worn for five months in order to see if good external fixation would induce 

healing but theTones gradually tapered to points showing 

no callus formation (D) There were multiple transverse lines m lower fragmMta^j^ 

area of increased density and angulation about 2 cm from lower end, suggesting pre^ce 

of a greenstick fracture at this point This was found to be a complete trar^erse frarture 

with nonunion at time of operation A long onlay bone graft was phcrf across both 

fractures and held in place with vilallium screws This has been applied too recently 

to report final result 


and nezion defonn.ty was corrected (E> Poll at Brst was downward until postenor drstotion 
was corrected, and ihen mote nearly vertical unUl tibia was brought fonvatd m front of con 
dylcs of femur Sandbags were placed about foot to control rotation and another on top of 
knee for counterpressure (F) As long as paUent was la traction she was free from pain 
After defnrimty had been corrected a straight leg plaster was applied 10 hold correction and 
Within a day she began to complain of pain m knee as before After removal of cast, brace was 
again appUed Because of the arthntis a knee fusion may be mdicated later 
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and sometimes an assouated lateral Ixming 
The invohed leg is alwajs shorter than the 
normal leg The bone is more dense through 
out the middle third There is increased 
condensation on the concave side of the 
curve (Fig 66) Often the shaft presents 
several c>stlike cavities which may be the 
site of a fracture later The fibula is usnallj 
smaller than normal and shows absorption 
of bone «alts It maj be that the ^hearing 
force placed on the fibula, because of the 
angulation of the tibia causes abnormal 
pressure and absorption This absorption of 
lime salts is seen best in the fibula and the 
lower end of the tibia 
The fibula usually fractures first, throw 
mg more strain on the tibia and later the 
tibia will fracture either 'spontaneously or 
from a verj slight trauma Before the frac 
ture, the tendo achillis is contracted, and 
the foot is in equinus After the fracture 
there la more shortening of the lower leg 
because of the anterior angulation, and the 
foot ma> come up m extreme dorsifiexion 
The angulation is alwajs forward and 
lateral The proximal end of the lower frag 
ment usually becomes pointed and tbe dis 
tal end of the upper fragment becomes cup- 
shaped, and a false joint is formed After a 
little while the encE of the fragments be- 
come sclerosed and the medullarj cavitj 
obliterated The entire bone shows more 
atrophy The lower fragment often shows 
multiple transverse lines throughout most 
of its length (Fig 66 D) In this case there 
occurred a transver«e fracture vvhich was 
present on removal of the plaster, whidi 
was not present in the x raj made before its 
application This is an unusual finding The 
gap between the fragments at the junction 
of the middle and lower third becomes 
larger and the extremitj becomes shorter 
At times fibrous tissue is found between the 
fragments, and at times clear straw colored 
fluid, like sjTiovial fluid is found m a small 
cavntj This is the false joint which justifies 
the name ‘ pseudarthrosis ” 

Treatment Most authors State that at 


tempts to bridge this gap by bone grafts in 
diildren have failed Pulti reported 11 
failures m 13 cases Henderson reported 
three failures in five cases it was he who 
first called attention to the fact that prog 
nosis was better in older patients, and 
recommended that the operation be post 
poned until after pubertj In the meantime 
the patient should walk on a caliper splint 
Even if this is done, the bones grow verj 
little and the fragments become more 
pointed, the space between them greater, 
and the anguhtion more marked It is mj 
belief that a bone graft operation should be 
done at an early age Nonunion following a 
bone grafting operation is probably due not 
so much to the youth of the patient as it is 
to inadequate fixation, both internal and 
external In the small child the bones arc 
<0 small that grafts cannot be cut with the 
twin saws and driven in place according to 
the methods used for adults It is al«o difii 
cull to apply secure external fixation 

Better bone can be obtained for a graft 
by getting it from the opposite leg, but the 
parents are often reluctant to give their 
consent to the use of the bone from the good 
leg and at times the surgeon feels that if 
the bone can be obtained from the same leg 
It IS desirable not to disturb the normal 
leg especially m ca'es where the child is 
quite small 

One of the essentials in doing a bone- 
graft operation in these cases is the proper 
preparation of the fragments before the 
graR IS inserted The sclerosed ends of the 
bones should be removed so as to allow 
frrsh bone ends to come in contact No 
more bone than is absolutely necessary 
should be removed The cortex on one face 
of the bone 'should be removed, so as to 
open up the medullary canal Often the 
bone IS so brittle that any sculpture of the 
bone IS difiicult because of risk of breaking 
the bone This accident may be avoided by 
first dnliing a row of small holes through 
the anterior cortex. By joining these with 
a sharp chisel a groove is made in the bone 
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Sometimes there is enough bone present to 
do a step cut procedure 
I have tried all types of bone grafts in 
these cases, except the intramedullary peg 
I used a diamond shaped inlay graft sue 
cessfully in a seven year old boy with con 
genital pseudarthrosis in 1928 This method 
has been described by Gallie One of the 
chief objections to this graft is that it is 
difficult to split the brittle fragments to re 
ceive the graft, without one of the frag 
ments breaking ^Vhen the diamond shaped 
graft IS successfully inserted, the elasticity 
of the fragments holds the graft in place 
and maintains good bone contact The graft 
restores the bone to almost its normal thick 
ness at the point of the pseudarthrosis 
The fragments are usually so small that 
if an inlay graft is used, this graft has to 
be so small that it offers very little strength 
The graft most commonly used has been the 
onlay graft When only one graft is used, 
this should be placed on the lateral side of 
the tibia, next to the fibula, where the graft 
will be buried beneath muscles, which will 
furnish it with a better circulation At pres 
ent, m the older children, a graft is placed 
on each side of the tibia and vitallium 
screws are inserted through one graft, the 
tibia, and the other graft This gives the 
best possible internal fixation If the child 
IS too small for bone screws, an onlay graft 
can be used by making a rather deep cut 
into the cortex of the bone at each end 
of the graft, raising up a flap of the tibia 
without breaking it The graft is then 
slipped under each flap from the side The 
elasticity of these fragments >vill hold the 
graft firmly in place This type of graft 
has given a fairly high percentage of takes 
(Fig 67 C) This works best for a thin, 
flat graft, but if a massive bone graft is 
used, larger openings can be made (Fig 
67 G) Small fragments of bone should be 
placed about the point of fracture, and 
packed in any space about the ends of the 
libia All crevices should be packed with 
fragments of spongy bone from the medul 


lary canal where the graft was obtained 
These fragments carrv with them the en 
dosteum which is in the mind many 
probably the best 'ource fo” the reprodu 
tion of new bone 

In the patients in m> ‘>er An 
umon did not take place ther -a ' 
inadequate external fixation The pi 
extended only from the toea tu the [ p 
thigh In a small child this doe n t 
sufficient fixation, and unless the knei 
flexed It does not prevent torsion strain I 
all after operation, the plaster h ul 
be in the shape of a «pica including ih 
pelvis The hip and knee should be ^Iightlv 
flexed 

I have felt that the external fixation is so 
important that I treated one early patient 
by external fixation alone, and after a year 
obtained solid union both clinically and by 
X ray (Fig 68) This patient refractured his 
tibia and union was again obtained by ex 
ternal fixation alone WTien he refractured 
his tibia the third time, external fixation 
faded to secure umon 

After umon has been obUined it is \ery 
important that a snug fitting brace be worn 
to prevent fracture These braces shoul^e 
made over a plaster model of the leg ^e 
leather is shrunk over the anterior surface 
of the model, and made to lace up in the 
back of the leg (Fig 69) The brace is 
attached to a foot plate under the foot, and 
the shoe slipped on over the foot and fMt 
plate No motion should be allowed m the 
knee I have had several cases refracture 
the leg when motion was allowed at the 

Knee . , . . 

It IS a question what to do for the patient 
who IS seen mth the boned leg before it 
hits fractured On several occasions I have 
gradually corrected the angulation by a 
senes of plasters and aedgings, and then 
applied a brace Care should be exercised 
not to tracture the bone It weight bearing 
IS permitted on a curved teg, most of these 
bones a ill tracture sooner or later 

Operative correction of these curved 
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tibiae should be undertaken with the full 
knowledge of the risk of nonunion, and 
adequate fixation should be maintained for 
a long time My first expenence -with this 
condition was the after treatment of a pa 
tient who had had a double transverse 
osteotomy done by a general surgeon who 
did not realize the type of bone on which 
he was operating (Fig 70) Two bone grafts 
were necessary before union was obtained 
Sixteen months later she fell and refraclured 
the leg and a third bone graft was inserted, 
which finally gave a good result (Fig 70 D) 
WTien an operation is necessary on one of 
these abnormal bones, a long oblique oste 
otomy should be done (Fig 48 C) This will 
give the maximum amount of raw bone sur 
face for the production of callus, and will 
also give a better correction and a firmer 
union 

Finally, if union cannot be obtained after 
several attempts by bone grafts, and the 
space between the fragments has increased, 


each fragment of the tibia can be grafted to 
the fibula I have obtained a weight bearing 
leg m one case by this method after three 
failures at bone grafting The fibula has 
hypertrophied between the fragments giving 
a bone almost as large in diameter as a 
normal tibia 

I have never done an amputation for a 
congenital pseudarthrosis but when we con 
sider the enormous cost of the long hospital 
zation required for one or more operations 
and the cost of braces needed for protection 
during most of the growing period and the 
possibility of additional fractures with the 
necessity for additional bone graft opera 
tions, It seems that the wisest procedure in 
some cases, at least might be an amputation 
and an artificial leg 

[While, from an economic standpoint 
this latter view is unquestionably sound it 
IS very difficult to convince parents of these 
young children to take that viewpoint - 
Ed] 


Fig 67 Congenital pseudarthrosis of tibia and fibula ^ Deformity was barely 

whose left leg was first noticed to be a little crooked at age three marked atrophy 

perceptible at that time but leg gradually became more crooked Tibia 

with Interior bowing of both tVbu and fibula but with no break m continuity of either 
shows a cystlike cavity, and increased ^C”S‘ty along conwve side o probably 

Parents were urged to get a brace to protect this 1^ They were months later while 

fracture even with a brace They got the brace, but dri ^ ^ It ^as three months 

father was playing with child on bed, left lower time^ h™ had as free motion in 

before child was brought for examination (B), and at that t 

middle of leg as he had m his ankle , , tt then six years 

Parents would not consent to operation until nearly fragment Then an onlay 

old Pointed end of lower fragment was laid in a morli'e cut i PP . driving a chisel into 
bone graft was obtained from upper tibia This was placed acros of bone 

the cortex of each fragment above and below, and __ /p and pv Elasticity of 

A year and half later there was good union patient^p^mitt^^^^^ 

a brace Two years after bone graft operation, f'" hrmeine him back, he agam had 

refractured this leg His parents waited sit wwks before oring g ,n the hope 

considerable fabe moUon at point of fracture definite oseudarthrosis developed 

that this fracture might unite like an ordinary fracture j„i -n from opposite right tibia 
with no callus formation (F) A massive bone ^ft v-^ then an o^ay graft across 

and inserted into each fragment of left tibia as a'wnut the area of fracture, and 

point of fracture (G and H) Many tbin sha^ngs were union as shown in 

also about the atrophied fibula Wound healed nicely and ^ g hnne-irraft operation Patient 
X ray made three years later (I) It is now four years since jorp o‘ectionandacorklift 

lias good union and is walking nicely, but is still wearing a 
under shoe to compensate for 6 cm shortening 



Fig 68 Congenital pseudarthrosta of tibia and fibula At birth right lower leg was crooked 
and right foot was turned up <o that it rested upon lateral side of knee Famn\ phj'sician applied 
a wooden «plint Patient was seen first when aged fi\e weeks ( \) There was a c>’stic degenera 
tion of loner half of both tibia and fibula with pathologic fracture, and condensation of lime 
«alts along edges of cpt Bab} was treated for a >ear b> plasters to «ee if good external 
fixation might induce union This was successful and at age 14 months a brace was applied to 
protect the bone and patient allowed to walk 

B> the time he was aged V/ jears he had a tibia of about normal size, but not of normal 
structure (B) There was anterior boning with conden^tion of middle third, and some areas 
of lessened density Three months after this x raj it wa^ noticed that patient was limping and 
ha\nng some pain in leg It was thought that he had oulgrowii hia brace so a new brace was 
made Two months later without any known injury, x ray showed a pathologic fracture at 
pomt of a cyst m loner end of tibia After three months of plasters there was no healing of 
fracture (C) Plasters were continued however being changed about every two months Nine 
months later union had again taken place (D), and braces vrere again applied A p«eud3rthrosis 
agam developed and two years after bst x ray shown at age of SJ4 years an operation was 
done and two onlay grafts obtained from upiper tibia were laid across line of fracture Mound 
healed per pnmam 'Vfler a year and a half of immobilization union had not taken place so 
a second bone graft operation was done taking bone from the opposite left tibia and putting 
It m the tight Now at age lea, and two and one-haJf j eats after last operation, union does not 
seem to be strong enough to try a brace He is wearing a long leg cast with a walking iron 
incorporated 
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CONGENITAL DEFORAIITIES OF 
FOOT 

loLXOwiNG Spina Bifida 
Spina bifida “occulta” is often found ac 
companying clubfoot deformity, but is of 
little clinical importance The more marked 
deformities of the feet follow ‘ spina bifida 
vera " The treatment of the tumor on the 


A test should always be made for sensation 
before beginning treatment If the foot is 
anesthetic, it is very difficult to apply and 
wedge plaster without producing pressure 
sores In fact, normal weight bearing points 
mil develop sores This is particularly true 
m deformed feet where the pressure is not 
distributed evenly over the foot The'-e pre 
sure sores are known as trophic ulcer 



Fio 69 Brace worn to protect tibia from fracture This brace was 
worn for two years by patient m Fig 68 Leather over anterior sur 
face of lower leg was molded over a plaster model of the leg, and is 
made to lace in back Brace is attached to a metal footplate and shoe 
slipped on over foot and brace It was felt that this gives better 
protection to, and can be applied with less strain on the leg This 
particular brace has a movable ;oint at knee I have bad several 
patients fracture tibia while wearing such a brace and so have dis 
continued motion at knee 

back IS in the province of the neurosurgeon 
The associated deformitira of the lower ex 
tremity should be treated by the orthopedic 
surgeon Most of these patients have some 
control of the lower extremities but some 
have a flaccid paralysis and others a spastic 
paralysis It is this muscle imbalance wbich 
produces the deformities There is nearly 
always a partial orcomplete loss of sphincter 
control, which prevents these children from 
being permitted to go to school There may 
be a partial or complete loss of sensation 


They are deep punched out ulcers with ele 
vated, hard edges The ulcers usually have a 
very foul odor and are difficult to heal 
Treatment should begin with the trophic 
ulcers if they are present (Fig 71) It is 
necessary to put the patient to bed to pre 
vent weight bearing The ulcers will not 
heal while the patient is bearing weight on 
them Wet dressings with a mild antiseptic 
are kept on the ulcers constantly, changing 
these once or twice a day After the in 
fection IS lessened and the hard surrounding 
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Fic 70 Congenital p^eudartlirosts ol fibula urtth boning of tibia This sit }ear*old girl had 
a crooked left leg from birth Tliere is an ununited fracture of loirer end of fibula with marked 
sclerosis of middle third of tibia (A), vrith anterior and lateral boumg (Sclerosis is more 
marked than is shown m x ray, as middle portion was giien le<s exposure when prml was made 
so as to show detail Lower end of fibula was retouched for better demonstration ) 

An osteotomj at two Ie\ els was done b> a general surgeon to correct deformity \\ ound healed 
without infection but bone laid down no callus Middle fragment lost its circulation, and 
became dense like a sequestrum \ ray made through plaster shows condition 19 days after 
operation (B) Snug fitting plasters were worn for fi\e months, being changed infrequently 
Weight was borne on leg part of this time X ray slill showed no e\idence of new bone forma 
tion 'Middle segment was being absorbed Ends of the two mam fragments became more dense 
near ends, as shown in x ray made 131 days after operation (C) 

A bone graft was done from upper tibia tVound healed per pnmam but bone union did not 
occur Six months later a massi\"e bone graft was taken from opposite tibia and firm union was 
obtained After four months she was allowed to go without further fixation A week later she 
refractiired opposite tibia from which graft was t^en, while getting up from a sitting position 
This healed in the usual tune with fixation in plasters Sixteen months after succesful bone 
graft on left «he fell off bed and refractored left tibia through grafted area After four months 
in plaster she still had nonunion, so a third bone graft was inserted This was a massive bone 
graft from nght tibia This again ga> e solid union Result three y ears after this third operation 
is shown m (D) 
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skin IS softened, the ulcer can be made to 
heal more rapidly if the patient is given an 
anesthetic, when necessary, and the sur 
rounding shin trimmed down to nonnal 
bleeding tissue on all sides, removing the 
ulcer as one removes the core of an apple 
As soon as the ulcer is healed the foot 
deformity should he corrected This is usu 
ally a clubfoot or a flatfoot deformity These 
are corrected by a senes of plasters and 
\\edgmgs as described below If care is taken 
to correct these feet slowly, it can be done 
without getting pressure sores The deform 
jty should be well overcorrected The weight 
will then be distributed over the foot in the 
normal manner, and no more ulcers will 
develop The deformity has a great tend 
ency to recur after treatment has been dis 
continued because the muscle imbalance is 
still present For this reason these patients 
often return for a second or third course of 
treatments At times braces are indicated, 
depending upon the amount of paralysis 
present 

Congenital Flatfoot 
Congenita! flatfoot as used here does not 
refer to that mild form of flatfoot seen in 
many babies who have no well defined arch 
to their foot, but refers to that marked type 
of deformity seen at birth m which the feet 
assume a calcaneovalgus position like a re 
versed clubfoot It is a truepes planus with 
a prominence under the middle of the foot 
Often the feet are abducted so much that 
the toes of each foot point outward each 
90” away from the midline This condition 
IS congenital, and can sometimes be traced 
back through several generations At times 
It appears in a family with a strong fend 
ency toward clubfeet (Fig 72), and occa 
sionaUy we see a patient with a congenital 
flatfoot on one side and a congenital club 
foot on the other side (Fig 7i) 

It IS not necessary to go into a minute 
description of the condition, as it is some 
what similar to the familiar acquired flat- 
foot In congenital flatfoot the midJme of 
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the astragalus points mediall> toward the 
imdiine of the body at an angle of about 
45®, as shottTi in the anterior posterior x ray 
(Fig 72 B) In the lateral view It points 
almcet straight down toward the sole (Fig 
72 C) The scaphoid is lateral to the head 
of the astragalus in the anterior posterior 
view while m the lateral x ray it is not in 
front of the head but is displaced upward 
and IS on the superior surface of the neck 
Treatment of this condition is much 
easier if it can be begun when the paiient 
IS young and the final result gives feet 
which are more nearly normal (Fig 7S D 
and E) In congenital flatfeet the deformity 
can be corrected by a series of plasters and 
wedgings In applying the plaster the great 
toe IS turned downward and the entire fore 
foot IS adducted so as to restore a longi 
tudinal arch by the combination of the two 
movements It is held in this position while 
the plaster hardens In a few days a wedge 
of piaster, with the base on the medial side 
and about the level of the midtarsal joint 
IS removed from the foot The forefoot is 
turned down and mward a little more and 
the plaster closed After two or three wedg 
mgs a new plaster is applied The foot is 
thus gradually corrected in the same manner 
a clubfoot is corrected except that the fore 
foot IS carried in the opposite direction 
When the forefoot is adducted enough for 
the arch to be restored and enough for it to 
remain in the corrected position when re 
leased, it may be ready to be brought up m 
dorsiflexion to stretch the tendo achillis, 
which IS frequently contracted Before bring 
ing the foot up an anterior posterior x ray 
should show the midline of the astragalus 
pointing toward the great toe and the for 
merly dislocated scaphoid in front of the 
head of the astragalus If the valgus deform 
ity 15 found not to be corrected, plasters 
and wedgings should be continued until this 
has been accomplished Then the foot should 
be wedged in dorsiflexion, keeping the fore 
foot turned inward This is accomplished in 
the manner as described below for clubfeet. 
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In older children it may be necessary to 
forcibly manipulate the feet under an anes- 
thetic if they cannot be corrected otherwise, 
and it may be necessary to lengthen the 
tendo achillis by one of the plastic opera 
tions ‘ 

In still older patients, any of the many 
operations recommended for acquired flat 
feet may be used My preference m these 
older patients, who cannot be corrected by 
the nonoperative method, is to do the opera 
tion recommended by Hoke^® for flalfeet 
If the position of the astragalus cannot be 
corrected, I do a triple arthrodesis as de 
vised by Hoke^* for paralytic flatfeet These 
operations on the bones should be post 
poned as long as possible, and should not 
be done under the age of ten if it is at all 
possible to get a fair correction by some 
other method A much more flexible and 
more nearly normal foot can be obtained if 
the deformity can be corrected without the 
use of surgery (Fig 73 D, E, and F) 

CONGENHAL MeTATASSUS VaRUS 
At the first glance this condition might 
be confused with congenital clubfoot de 


formity It might be thought of as a “third 
of a clubfoot," because it presents forefoot 
adduction A more careful examination of 
the foot, however, shows that it is quite dif- 
ferent from a clubfoot, and that it presents 
a very definite clinical entity Instead of 
having a varus heel, there is always a valgus 
heel A very accurate description of this 
condition has been given by Peabody He 
says (see Fig 40) 

Classification of our deformity with com- 
mon clubfoot seems quite improper from a 
number of striking factors m the pathology 
In the first place, equinus is never present in 
any degree In the second the sole of the 
foot is always flat, or nearly so Thirdly, m 
spite of a first impression of a varus foot, there 
IS seen to be no ankle varus or supination at 
the subastragaloid joint, but, on the contrary 
valgus or pronation, with marked inward ro 
tation and luxation of the head of the astrag 
alus, the scaphoid and mesial cuneiform being 
displaced laterally The cuneiform bones 
are rotated m a varus direction and over 
lapping so that the upright perpendicular 
might pass through all three of these bones 
More striking is the deformity of the meta 
tarsals To a slight degree the fifth and to a 
marked degree the fourth, third, and second 
metatarsals are incurved in their diaphyses 


Fig 71 Spma bifida vera flatfeet and trophic ulcers 

At birth there was a swelling and ulcer at lower end of spine which drained for a month 
and healed His feet were flat He did not sit alone until aged one Walked at age two Has 
never gained sphincter control Pictures m this series were made at age nine (A) For past 17 
months he has had a trophic ulcer on right heel, and for 8 months another imder head of first 
metatarsal on left, which have resisted all home remedies He walked with knees flexed and 
feet abdacfed about 60"^ in a very bad flat/oot position There is a farge puncAed-ouf u/cer 
Under right heel, with thick skm which is peeling off around ulcer (B) An instrument can be 
passed down to the bone, and x ray shows a punched out osteomyelitic area m os calcis (C) 
He has another punched out ulcer over head of first metatarsal on left (D ) The feet are in 
such marked flatfoot position that lateral border u, elevated, and weight is borne on medial 
border of foot (A) There is a hard comlike area of skin surrounding this ulcer On his back 
can be seen the original spina bifida mass, which is 3 x 4 cm (E) Surrounding skm is puckered 
and consists of scar tissue Around the edges of this is an area covered with long hairs He has 
another deep ulcerated area over sacrum extending forward to anus, it has been present for ten 
months and has elevated, overhanging edges With loss of sphincter control it has been difficult 
to gel this ulcer to heal Palpation of back shows an absence of spinous processes from third 
lumbar downward Failure of neural ar^es to form is shown m (F) 

The three trophic ulcers were treated with wet boric dressings Ulcers over sacrum and on 
left foot healed rather promptly Ulcer over right heel did not heal until osteomyelitis of os 
calcis was curetted Flatfoot deformity was then corrected by a series of plasters with wedgmgs, 
and, after feet were well corrected, swung m shoes were applied This shifted weight from 
previous points of pressure, and distribute it evenly over the normal weight bearing areas 
Three months after admission patient was dismissed with all sores healed and flatfoot deformity 
corrected (G) 
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Fig 72 Congenital llatfeet Feel m this patient present u'ual defonnily «een in 
acquired flatfeet only defomiUj is more marked (Palients si'ter «hown m Fig 73 ) 
Heels turn out in %’algus longitudinal arch is obliterated and there is nuiked bulging in 
along medial border of each foot (A) Anterior pcetenor x ray shows tjpical flatfoot 
architecture Forefoot b abducted as compared with postenor foot (B) Midline of 
astragalus points toward midline of body at an angle of about 45”, instead of straight 
forward toward great toe Scaphoid is lateral to bead of astragalus In bteral x ray (C) 
midline of astragalus mstead of pomting straight forward toward toes points almost 
straight down toward sole of foot Scaphoid instead of being directly in front of head 
of astragalus is facing supenor surface of neck of astragalus Foot is broken m midtarsal 
]omt so that this b the most dependent part of the foot Anterior end of os calas is 
pitched donnward mstead of upward m normal position This girl was six years old when 
this picture was made Feet were corrected b> a series of plasters and wcdgings for two 
months and then feet were gently manipulated under an anesthetic and wedgings con 
tmued After three months of treatment plaster was remo\ed swung m shoes applied 
and patient was gnen phisiotherapy and instructions m walking properly (D) \\Ticn 
seen last a > ear after treatment she was able to walk barefooted without arches touching 
floor 



Fig. 73. Congenital llatleel. Sister of patient shoivn f A , “ay of right 

and shows combination of congenital flalloot and “"5™'“' ' • L'jjsCTibed. Flat- 

foot (E and C) shows typical flatfoot type of deformity, “ d„bfoot was 

foot Ltormity was corrected by a series of P>»*‘'«X"n\rrS and a shoe 

treated in a similar manner. A swnng-in shoe X-ray 

to lelt. Flatfoot deformity recurred and patient “ “ ( (,atfoot deformity on 

five years after beginning of treatment shows a straight forward 

tight (D and E). hlidlme of astragalus in j":'"ata„ 5 l normal position 

toward great toe, and in lateral P® , shown in (F). Patient is not running 

Condition five years after beginning of treatment shown in tr;. la 
her shoes over, and is walking nicely. 


and to some degree dorsal convex The first 
metatarsal is usually straight, but articulates 
at its base with the mesial aspect of the inner 
cuneiform and makes a marked varus angle 
with the mesial aspect of the foot back of 
this point, the greatest concavity being 
tween the scaphoid and metatarsal, and^ Ae 
cuneiform tending to\vard a lateral position 
wiUi respect to the scaphoid. 


There exists a similar condition with a 
mild forefoot adduction, which responds 
easily to treatment, and whose x-rays are 
not typical of the findings mentioned by 
Peabody, which probably should be called 
“metatarsus adduclus.” These probably be- 
long in a class to themsehes and arc not 
to be confused with true metatarsus %'arus. 
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The deformity m true metatarsus varus is 
very difficult to correct, and when it has 
been apparently corrected it tends to rapidly 
recur I have treated all my patients first by 
a senes of plasters and is edgings The plas 
ters are wedged in abduction as for congeni 
tal clubfoot deformity Even in the older 
children a fair correction can be obtained 
after a while (Fig 74 F) These feet are 
held m the overcorrected position by swung 
out shoes which also have a wedge under 
the medial border of the heel, because of the 
valgus deformity of the posterior foot It is 
difficult to apply a plaster to correct the 
forefoot adduction without turning the heel 
out m more valgus However, with care in 
molding the foot as the plaster hardens, 
this can be largely avoided \Vhen the fore 
foot IS wedged in abduction, the wedge 
shaped piece of plaster is removed farther 
forward on the forefoot than in the case of 
clubfeet In this way the forefoot can be 
abducted without turning the heel m valgus 
The wedge is placed forward so as to gam 
more correction in the metatarso cuneiform 
joints, instead of m the midtarsal joints, as 


m clubfeet In young children the deformity 
can be more easily corrected (Fig 75), and 
they retain their correction better All of 
the older patients have relapsed when 
treated by plasters and wedgings only Some 
of these have been given a second and even 
a third course of plasters and wedgings 
with fairly satisfactory feet None of the 
results m these cases is quite as good as 
those obtained by the same method with 
ordinary clubfeet 

Treatment I have used various operative 
treatments Several types of wedge oste 
otomies have been done on the lateral side 
of the dorsum of the feet, going through 
the cuneiforms and cuboid, with the base 
of the wedge on the lateral border of the 
foot In one case with the double row of 
cuneiforms as shown in Fig 74, I simply 
took out the extra row of cuneiforms with 
a satisfactory result In another, I resected a 
portion of the shafts of the lateral four 
metatarsals and curetted the first cuneiform, 
so as to remove the internal structure and 
allow It to yield to the corrective force This 
allowed the forefoot to be placed in about 


rio 74 Congenital metatarsus varus A mother and 
^ow^yI^cdmetlta“^va"ru^1B^l.nT'S..^^^^^^ 

'tey all showed eatreme vaigus 

All have an abnormality of elbous There is a Z^Zn lZ 

tion laterally of head of radius with limitation of full evte . causmc a very unsightly 
All childL in this 'r'y bTe'rVoiiirSr 

prominence on dorsum ot each foot (D) Mtenor metatarsal articulates uith 

form for each of three cuneiforms and also to' curved Anterior 
medial border of doubled first cuneiform ‘ „n„al indicating that os 

end of os calcs and head of astragalus are s^r^rf more than nom b 

calcis IS rolled out from under astragalus m a flattoo^osi ion ocapnoiu is 
astragalus m a flatfoot position This patient ^ f,ve months Deformity was 

treated by a series of plasters and ivedgmgs as tor clubfeet lor live mom 
fairly well corrected for a child of nine (F) and 9 . (j recurred (G) being worse 

hen neat seen three years later, metatarsus va^ Sd “of right t!»t Mh base 

on right At that time a cuneiform osfrotomy mas ^ “ gaifoot type of stabiliza 

of wedge on lateral border About riSorcl to nearly 

lion was done to correct valgus deformity of heel Mume ,5 months 

notmal appeatanee (H) Right l-f ' “ and he is wotling 

after last pictures v\ere made, and his feet are as well co 
regularly in the field without discomfort 
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The deformity in true metatarsus varus is 
very difficult to correct, and when it has 
been apparently corrected it tends to rapidly 
recur I have treated all my patients first by 
a senes of plasters and wedgmgs ITie plas 
ters are ■wedged in abduction as for congeni 
la! clubfoot deformity Even in the older 
children a fair correction can be obtained 
after a while (Fig 74 F) These feet are 
held in the overcorrected position by swung 
out shoes, which also have a wedge under 
the medial border of the heel because of the 
valgus deformity of the posterior foot It is 
difficult to apply a plaster to correct the 
forefoot adduction without turning the heel 
out in more valgus However with care m 
molding the foot as the plaster hardens, 
this can be largely avoided When the fore 
foot IS wedged m abduction the wedge 
shaped piece of plaster is removed farther 
forward on the forefoot than in the case of 
clubfeet In this way the forefoot can be 
abducted without turning the heel in valgus 
The wedge is placed forward so as to gain 
more correction in the metatarso cuneiform 
joints, instead of in the midtarsal joints, as 


m clubfeet In young children the deformity 
can be more easily corrected (Fig 7S), and 
they retain their correction better All of 
the older patients have relapsed when 
treated by plasters and wedgmgsonij Some 
of these have been given a second and even 
a third course of plastere and wedgiogs 
with fairly satisfactory feet None of the 
results m these cases is quite as good as 
those obtained by the same method with 
ordinary clubfeet 

Treatment I have used various operative 
treatments Several types of wedge oste 
otomies have been done on the lateral side 
of the dorsum of the feet, going through 
the cuneiforms and cuboid, with the base 
of the wedge on the lateral border of the 
foot In one case with the double row of 
cuneiforms as shown m Fig 74 I simply 
took out the extra row of cuneiforms with 
a satisfactory result In another, I resected a 
portion of the shafts of the lateral four 
metatarsals and curetted the first cuneiform 
so as to remove the internal structure and 
allow It to yield to the corrective force This 
allowed the forefoot to be placed in about 


Fio 74 Congenital metatarsus varus A mother and three children with metatarsus varus 
are shown in (A) Childrens feet are more typical than those of mother Three children all 
show typical metatarsus varus (B) Since this photograph was made two more children have 
been born and each had bilateral metatarsus varus making five children m this one family all 
of whom have been treated In addition to forefoot varus they all showed extreme valgus 
deformityof posterior foot (C) 

This entire family has presented several characteristics not mentioned in the recorded cases 
All have an abnormality of elbows There is a loss of the carrying angle, with apparent disloca 
tion laterally of head of radius with limitation of full extension and full pronation (A) 

All children in this family show a double row of cuneiforms causing a very unsightly 
prominence on dorsum of each foot (D) Anterior postenor view belter shows extra cunei 
form for each of three cuneiforms and also that straight first metatarsal articulates with 
medial border of doubled first cuneiform (E) Middle three metatarsals are curved Anterior 
end of os calcis and head of astragalus are separated more than normal indicating that os 
calcis is rolled out from under astragalus in a flatfoof position Scaphoid is laleral to head of 
astragalus in a flatfoot position This patient was agrf nine years when first seen He was 
treated by a scries of plasters and wedgmgs, as for clubfeet for five months Deformity was 
fairly well corrected for a child of nine (F) and swung out shoes were made for him 

When next seen three years later, metatarsus varus deformity had recurred (G), being wor«e 
on right At that time a cuneiform osteotomy was done through middle of right foot with base 
of wedge on lateral border About eight weeks later a modifi^ Hoke flatfoot type of stabiliza 
tion was done to correct valgus deformity of heel Outline of foot has been restored to nearly 
normal appearance (H) Right heel is straight under tibia Tatient was last seen 15 months 
after last pictures were made, and his feet are as well corrected as shown and he is working 
regularly m the field without discomfort 
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tt)C desired position I did this operation on 
one foot in i bilateral case and allowed the 
to go for ft >car She returned after a 
M ir niu! wanted the other foot operated 
inx>n to relieve the pirn in this foot The 
operation Ind relieved the pain and had 
given her a fairly normal appearing foot 
The X ny of the first foot operated upon 
showed that the metatarsals had fused to 
gether, but that there was a space between 
the ends in some of the metatarsals so that 


better than those which were treated bj 
plasters and wedgings 

Arthrocryfosis Multiplex Congenita 

Children with congenital, multiple incom 
plete ankylosis of the joints of the extrenu 
ties were first recognized and described as a 
separate clinical entity by Stern’® in 1923 
These children are frequently classed with 
congenital clubfeet but for the sake of 
prognosis and treatment it is most impor 



ABC 


Fig 75 Congenital metatarsus varus \ ray of fifth child in family 
mentioned in Fig 74 made when patient was aged 12 months At 
birth her feet were crooked like those of three brothers and one 
sister (A) X ray (B) shows that shafts of middle three metatarsals 
are curved and point mwaid at an angle of about 45® to the normal 
position Head of astragalus and anterior end of os calcis are sepa 
rated so that heel is in a valgus position Midline of astragalus points 
toward medial side of fool m a typical flatfoot manner Metatarsus 
varus was nicely corrected after five months of plasters and wedg 
mgs (C) 
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and the feet twisted The head and neck are 
not defonned or compressed, though there is 
a matked atrophy of the muscles of the shoul 
der girdle The limitation of motion does not 
seem to come directly from malformation of 
the joint surfaces nor is it due to multi 
pie congenital contractures of the muscles 
and tendons The capsule of the joints 
and surrounding tissues, especially of the 
k,ne®s and elbows, seemed unduly thickened 
The limitation of motion in the joints is quite 
characteristic motion in the joints is quite 
free and unimpeded for a few degrees to 
either side of the center of the arc of mo- 
tion Beyond this, both active and passive 
motions are impossible 

In Stern's four cases, he said, "The feet 
are small and twisted, the toes short, pointed 
and compressed but not at all typical of 
congenitd clubfeet ' While these cases are 
not ‘typical’ of congenital clubfeet, they 
do present a clubfoot deformity The feet 
are smaller, and show a more marked de 
formity, and are more ngid They differ 
enough from typical congenital clubfeet 
that, after one patient has been treated 
the condition will probably never be over 
looked 

These children have all been slow in their 
mental and physical development They are 
slow to sit and walk, most have been 'low 
m talking, and many have had a speech im 
pediment Nearly all have shown deformities 
of the arms as described by Stern (Fig 76) 
Frequently the hands are compressed with 
the fingers and thumb drawn together In 
one boy the thumb dangled useless by the 
side of the hand In others the wrist is fixed 
in a flexed position, so that it has free range 
of motion m flexion until the wrist can be 
fully flexed (Fig 77 center) This same 
WTist can be extended only to within 90* of 
full extension (Fig 77, bottom) 

Four of the 1 1 had congenital dislocation 
of one or both hips Two of these were re 
duced after some difficulty, and two could 
not be reduced at all even though the hip 
had been in traction for a long period before 
the reduction was attempted and even 
though several attempts were made at re 


duction The range of motion in these hips 
was xo limited that they could not be flexed 
to a right angle and thej could not be ab- 
ducted more than a few degrees These two 
which could not be reduced got along sur 
pnsiogly well later, because the stiffness of 
the hip seemed to stabilize it 
Every patient 'bowed some limitation of 
motion m one or both knees Lewm in 
reporting two cases called attention to a 
‘ diamond shaped position of the knees 
This IS true if the child is held up for its 
picture, or if it is sitting with the knees 
partly flexed and the hips abducted but it is 
not true if these same children are standing 
In most of these children there is an out 
ward rotation of the femur so that the 
patellae seem to be on the lateral side of 
the leg Because of the femoral tor«ion, the 
motion in the knee is transverse instead of 
m the normal vertical plane Most of these 
patients show an inability to get the knees 
m full extension This accounts for the 
diamond shaped deformity A few of these 
patients are knock kneed when standing 
There is frequently a dimple over the 
elbows and the patellae (Fig 78) None of 
these cases shows a complete paralysis, 
though in many the muscles are weak None 
has shown exaggerated reflexes clonus, 
stretch reflex positne Babinski, or other 
e\idence of spastic paralysis 
Treatment This is one congenital de 
formity which looks promising in the begin 
mng, but which is so difficult to treat that 
We are probably justified m recommending 
no treatment The treatment is usually 
directed first to the correction of the club 
foot deformity, as this is the most obvious 
deformity The treatment of the«e feet is 
the same as that used for congenital club- 
feet, described in detail below UTiatever it 
IS which blocks the motion in these joints 
and prevents them from exerasing the full 
range of motion, locks the various joints of 
the feet and prevents correction I treated 
One patient hj plasters and wedgmgs for 
five >ears before finally obtaining satis 
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Fig 76 Arthrogrypwsis muItipleT congenita Thu 26 month-old boy is a fajrl> 
typical case of arthfogrjpo»is multiplex congenita, except for the feet, which have 
had SIX months’ treatment m planter elsewhere He can sit and slide, but has never 
tried to crawl on hands and knees and has never pulled up on his feet The flnaon 
deformity of vvTists is tj-pical Femurs are rotated outward «o thit patellae are on 
lateral side of knees Feet are short, broad, and rather rigid 

Fig 77 Arthrogryposis multiplex congenita {Top) These feet are fairly t>pical 
of this condition Thighs are rotated outward until patellae are on bteral side of 
leg Knees cannot be fully extended Feet <bow more inversion than average club* 
foot, and present a condition which is different from ordinarj clubfoot deformity 
Photograph waa made at age 18 months at beginning of treatment Diagnosis is 
further established by limitatioo of motion m other joints, «uch as wrists U’hen 
patient attempts to lift himself on his extended arms he does it with his wrist 
flexed as m the middle picture, which was made at age live He cannot place palm 
of his hand down m usual wa>, because wrist can be extended onlj a little be>ODd 
a right angle {bottom picture) Fingers can be fa>’perextended Little was accom 
plished b) stretching this wnst with plaster and wedgings It required several 
courses of treatment by plaster and wedgings to correct the'e feet, because they 
relapsed each time they were released 

Fic 78 Arthrogr>posis multiplex congenita Photograph made at age twx) He 
was sitting alone, but could not pull up or stand No treatment had been given 
Both hips show maiked limitation of motion Right i> dislocated andhasveiy little 
motion m rotation or abduction Femurs are rotated outward about 75°, so that 
patellae seem to be on lateral side of leg 

Tbis illustration shows dimple over patelh, frequently ^een in these patients 
Knees cannot be full> flexed and can be extended only to within 80° of full exfen 
siOQ There is a slight depression about middle of left thigh suggesting a congenital 
contracture, but this is not very deep Feet are small and stiff and show more 
marked deformitj than is seen m the average clubfoot even after years of weight- 
bearing These feet Kive never borne we^ht When thej are held m the hand and 
an attempt made to correct them, thej can be abducted onlj to wiihm about 75° 
of midline 
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factory feet Tor others I have tried forable 
manipulations under an anesthetic In sev 
eral I have cut the ligaments between the 
bones of the feet which permitted the 
manipulation to accomplish more In others 
I have done a second bone operation and 
still do not have feet as good as those 


I have pictures to ‘hovf a sati'^factorj 
correction of the clubfoot deformit> in each 
of these cases However, they very quickly 
relapse and are soon back for more treat 
ment 

The knees are often fixed m a flexed 
position and allow only a few degrees of 



Fic 79 Fig 80 

Fio 79 Arthrogryposis multiplex congenita This is a six month old patient In addi 
tion to extreme clubfoot deformity there is outward rotation of legs so that fold in 
popliteal space marking point of Revion of knees appears to be on medial side of leg (A) 
Knees go m recurvalum and can be flexed only 40*” from full extension (B) Photograph 
made at age five It required four courses of treatment in the clubfoot clinic to correct 
these feel Feet are straight at age six (C) 

Fic 80 Arthrogryposis multiplex congenita This patient was first seen at age 18 
months (A) He also had a bilateral dislocation of both hips Hips could not be flexed 
to a right angle and had very little motion m abduction After several weeks m traction 
hips could not be stretched under an aneslhelic or carried through any of the usual 
maneuvers necessary for a reduction Even though they could not be reduced they offer 
little handicap as they are fairly stable This patient was treated for five years in the 
out patient department by plaster and wedgings for correction of his clubfoot deform 
ity (B) It was d fficult for him to stand because outward dotation of femurs caused his 
knees to move from side to side instead of in an anterior posterior plane It was necessary 
to apply braces to stabilize knees (C) He then learned to walk actively with crutches, 
and his feet have held their correction for a year 

obtained in the ordinary variety of club motion (Fig 79) The flexion deformity of 
feet It takes so long *o treat these feel the knees ha^ been corrected by plasters 
that it IS really a question if money donated and wedgings The knees in these children 
to a chanty institution should be used in are often so unstable that braces are needed 
treating cases which offer such a poor to hold the knees in full extension and in a 
prognosis particularly since many of these good weight bearing position (Fig 80) The 
children are also <lovv m their mental rotation of the femurs has been corrected 
development in a few patients by osteotomies I have 
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and function This is especially true if treat 
ment is begun early in life 
Treatment may be divided into operative 
and mnoperative methods 

OPERATIVE TREATMENT OF CONGENITAI. 

CLUBFOOT 

The simplest operative method consists 
of forcible manipulations under an ones 
thetic This may be done manually, or over 
a triangular block placed under the lateral 
border of the foot, or with a Thomas 
wrench Some of the European museums 
exhibit machines which were used m times 
past in the correction of clubfeet These 
were designed to exert great pressure on 
the feet, so that the bones could be crushed 
and the foot set in a more nearly normal 
position Even m this modern time there 
are advocates for these ancient barbarous 
methods 

With the advent of modern surgical 
technic, many different types of cutting 
operations were done on the fascia tendons 
ligaments and bones Most of these at 
lacked the foot at one or two points, while 
every bone in the foot shows some dis 
lortion and all the ligaments are either 
stretched or contracted 
Every incision is followed by scar tissue 
formation and some contraction Forcible 
manipulations also cause a tearing of the 
ligaments, injury to the articular cartilage 
and a crushing of the bones When the feet 
are held in plaster after the various manipu 
lative treatments the bones often fuse into 
one solid block leaving the foot motion 
less This has been demonstrated by micro 
scopic study of joints removed from feet 
whidi have been forcibly manipulated 
This forable manipulation at times gives a 
fairly good anatomic foot, but a very poor 
functional one If deformity should recur 
after such treatment, it is almost impossible 
to again correct it because of the bony 
ankylosis 

If a brief description were given here of 
all the operations recommended for club 


feet, considerable space would be required 
and It probably would not be profitable To 
mention two of the more recent operations 
Brockman” avoids operation on the bones 
by making an incision on both the medial 
and lateral sides of the foot and separates 
the fascia and ligaments from the bones 
He cuts the tight tendons and ligan ents 
until the foot can be placed m the de i c ! 
position m plaster Two weeks later 1 
lengthens the Achilles tendon man pi I 
the foot in dorsiflexion and applies a v 
plaster 

Curtis and Muro^° recommend a dec i 
cellation operation for the correct o of 
clubfeet The midtarsal joints are expo e I 
by an anterolateral incision They descr b 
their operation as follows 

The short dorsal flexor muscles are sepa 
rated from their origin on the lateral side of 
the os calcis and retracted toward the top of 
the foot thus giving exposure of the neck of 
the astragalus anterior portion of the os calcis 
and the cuboid A small puncture wound is 
made m the three bones with successively 
larger curets the cancellous portion of these 
bones is removed All the cancellous bone is 
removed from the cuboid while m the os 
calcis and astragalus only the anterior portion 
IS removed The foot is then forcibly over 
corrected by manipulation with a Thomas 
wrench To correct the metatarsus varus and 
decrease the convexity of the outer border of 
the foot manipulation is done over a rectangu 
lar bar ^\hen visible collapse of the bones is 
not evident after manipulation the outer shell 
of the cortical bone of the cuboid and os 
calcis IS split vertically with scissors to allow 
collapse If necessary in older children a sec 
tion of the outer shell is removed from the 
bones mentioned and the articulating surface 
IS not disturbed The first plaster is removed 
at the end of three weeks and under anesthesia 
a reapplication of plaster is made after the 
foot has been manipulated to the corrected 
position Plaster casts are applied in the over 
corrected position for four months after 
which an inside upright and outside T strap 
brace is applied In the majority of the 
cases it was necessary to perform Steindlers 
operation before the decancellation and the 
lengthening of the lendo achillis The 

youngest child on whom the operation was 
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never done an operation to get more motion 
in any of these joints It is reported that 
these operations have been unsuccessful 

Congenital Clubfoot 
This IS the most common of all congenital 
deformities A discussion of the etiology and 
pathologj of a clubfoot will not be entered 
into here, as emphasis is being placed on 
treatment The types of clubfoot deformity 
associated with arthrogryposis multiplex 
congenita will be omitted, as they have 
been described above, and so will those 
cases showing an 'absence of a part” of the 
foot, as they will be taken up later Con 
genital clubfoot deformity varies from very 
mild to very severe deformities, but on the 
whole It presents a fairly typical foot, with 
only a very few cases deviating from the 
^average 

i Jn order that clubfoot deformity might 
be better understood, it is well to divide it 
into Its three component parts (1) Adduc 
tton deformity of the forefoot The forefoot 
IS drawn inward m relation to the posterior 
foot This motion takes place chiefly in the 
astragaloscaphoid and calcaneocuboid joints 
(2) InuTHon deformity consists in a turn 
ing in of the entire foot This motion takes 
place chiefly in the astragalocalcanean or 
subastragalar joint No inversion occurs 
between the astragalus and the tibia, as the 
astragalus is securely locked in the mortise 
between the tibia and the fibula Inversion 
allows an elevation of the medial border of 
the foot (3) Equmus is the third element 
of the deformity, and may be divided into 
forefoot equmus and ankle equmus These 
are both present in the same foot but occur 
in different joints The forefoot equmus 
occurs between the forefoot and the pos 
tenor foot, in the astragaloscaphoid and 
calcaneocuboid joints In ankle equmus, the 
heel is drawn backward and upward, causing 
the anterior end of the os calcis to be pitched 
downward The astragalus is also plantar 
flexed, so that only the posterior end of the 
articular surface is in contact with the tibia. 


and the superior surface of the posterior 
end of the os calcis is almost in contact with 
the posterior border of the tibia 
As the child grows older, the defonnitj 
becomes more fixed The ligaments on the 
medial border of the foot become more 
contracted The muscle pull, being in an 
abnormal direction, tends to increase the 
deformity As an example, the tendo achillis 
pulling on an inverted os calcis has a tend 
ency to increase the inversion As growth 
lakes place m the bones with the force 
falling in abnormal planes, the bones adjust 
themselves to the distorted position and the 
deformity becomes more fixed This dis 
tortion IS further aggrav-ated by weight 
bearing It is for this reason that treatment 
should begin at an early age 
Treatment «hould be begun when the 
baby is about a month old It upseU a 
younger baby to carry it a long distance 
to a doctor’s office The treatment is lech 
nically difficult and should be given bv one 
who bas been trained m the treatment of 
such cases After treating a large number 
of clubfoot children who have been par- 
tially corrected by their family phj’siaan, 
the records show that it has taken longer 
to correct lhe<e feet than it has to correct 
untreated cases If treatment is once begun, 
it should be continued until the fool is com 
pletely corrected, and the patient should be 
followed for many years and any recurrence 
corrected as soon as it can be detected It 
has been my observation that a partially 
corrected or relapsed clubfoot is more pam 
ful and more disabling than an untreated 
clubfoot For this reason no one should 
undertake the treatment of a clubfoot 
lightly 

The result to be obtained, finally, depends 
alimst entirely upon the type of treatment 
used Some operative treatments were de- 
signed to improve the appearance of the 
foot with apparently little thought as to 
function Xonoperative methods place func 
lion first and the corrected foot is practi 
cally as good as normal, m both appearance 
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and function This is especially true if treat 
meat is begun early in life 
Treatment may be divided into operative 
and iionoperaitve methods 

OPERATIVE TREATilEVT OF CONGENITAI. 

CLUBFOOT 

The simplest operative method consists 
of forcible manipulations imder an anes 
thetic This may be done manually, or over 
a triangular block placed under the lateral 
border of the foot, or with a Thomas 
wrench Some of the European museums 
exhibit machines which were used in times 
past m the correction of clubfeet These 
were designed to exert great pressure on 
the feet, so that the bones could be crushed, 
and the foot set in a more nearly normal 
position Even in this modern time there 
are advocates for these ancient, barbarous 
methods 

With the advent of modern surgical 
technic, many different types of cutting 
operations were done on the fascia, tendons, 
ligaments, and bones Most of these at 
tacked the foot at one or two points, while 
every bone in the foot shows some dis 
tortion, and all the ligaments are either 
stretched or contracted 
Every incision is followed by scar tissue 
formation and some contraction Forcible 
manipuhtions also cause a tearing of the 
ligaments, injury to the articular cartilage, 
and a crushing of the bones When the feet 
are held in plaster after the various manipu 
lative treatments, the bones often fuse into 
one solid block, leaving the foot motion 
less This has been demonstrated by micro 
scopic study of joints removed from feet 
which have been forcibly manipulated** 
This forcible manipulation at times gi\es a 
fairly good anatomic foot, but a very poor 
functional one If deformity should recur 
after such treatment, it is almost impossible 
to again correct it, because of the bony 
ankylosis 

If a brief description were given here of 
all the operations recommended for club- 


feet, considerable space would be required, 
and It probably would not be profitable To 
mention two of the more recent operations, 
Brockman*® avoids operation on the bones 
by making an incision on both the medial 
and lateral sides of the foot and separates 
the fascia and ligaments from the bones 
He cuts the tight tendons ana ligament'^ 
until the foot can be placed in the de^iie I 
position in plaster Two weeks later h 
lengthens the Achilles tendon ma ipula i 
the foot m dorsiflexion, and applies i ® \ 
plaster 

Curtis and Muro*'® recommend a deem 
cellation” operation for the correction if 
clubfeet The midtarsal joints are exj o»ed 
by an anterolateral incision They deserib 
their operation as follows 

The short dorsal flexor muscles are sepa 
rated from their origin on the lateral side of 
the os calci» and retracted toward the top of 
the foot, thus giving exposure of the neck of 
the astragalus anterior portion of the os calcis 
and the cuboid A small puncture wound is 
made in the three bones with successively 
larger curets, the cancellous portion of these 
bones IS removed All the cancellous bone is 
removed from the cuboid, while m the os 
calcis and astragalus only the anterior portion 
is removed The foot is then forcibly over 
corr«:ted by manipulation with a Thomas 
wrench To correct the metatarsus varus and 
decrease the convexity of the outer border of 
the foot, manipulation is done over a rectangu 
lar bar U ben visible collapse of the bones is 
not evident after manipulation the outer shell 
of the cortical bone of the cuboid and os 
calas IS split vertically, with scissors to allow 
collapse If necessary in older children a sec 
tion of the outer shell is removed from the 
bones mentioned and the articulating surface 
IS not disturbed The first plaster is removed 
at the end of three weeks and under anesthesia 
a reapplication of plaster is made, after the 
foot has been manipulated to the corrected 
position Plaster casts are applied in the over 
corrected position for four months, after 
which an inside upright and outside T strap 
brace is applied In the majority of the 
cases it was necessary to perform Steindler’s 
operation before the decancellation and the 
lengthening of the tendo achillis The 
youngest ^ild on whom the operation was 
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done was one year old, while the oldest was 
nine years of age 

The operation which I prefer for the 
severe neglected clubfoot deformity m chil 
dren over six or eight is that which was 
devised by Hoke'^ for paralytic clubfeet 
This operation does remove three of the 
joints of the foot, but it permits enough of 
bone to be removed to correct the deformity 
easily, without having to manipulate the 
foot and without doing damage to the other 
joints It seems to me to be a less trauma 
tizing procedure, and to be followed by less 
scar tissue, and I believe that it offers a 
much greater chance for successful cor 
rection The clubfeet in the older children 
are usually fairly rigid before treatment is 
begun We have seen many patients who 
have had this type of operation for infantile 
paralysis, without any undesirable stiffness 
After using it for more than 15 years on 
these older clubfoot patients, it has proved 
to be a very valuable operation Since no 
recent description has been given of this 
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operation, it will be described in consider* 
able detail here 

In these older children with neglected 
clubfeet, I begin with the nonoperative 
treatment described below, and try to cor 
reel all of the forefoot adduction and inver 
Sion deformities by plasters and wedgings 
(Fig 81 A, B, and C) This may take 
several months The feet are then brought 
up in dorsiflexion (Fig 81 D and E) If 
the equinus deformity is severe, the tendo 
achdhs is lengthened and the foot wedged 
up further in dorsiflevion (Fig 81 F) By 
this time the badly deformed foot has been 
changed to a foot nearly normal m outline 
The contracted ligaments and tendons on 
the medial border of the foot have been 
stretched, and those on the lateral border 
have contracted The correction has not 
been complete enough for the foot to hold 
Its correction if released, but it is m a post 
tion near enough to normal that an opera 
non can be done which will easily complete 
the correction and maintain it 


Fio 81 Operative treatment of congenital clubfoot deformity This senes of tracings, made 
from X rays, shows operative correction of clubfoot The anterior posterior x ray shows deform 
ity before beginning treatment (A) Drawings are semidiagrammatic in order more clearly to 
snow certain points Scaphoid is medial to head of astragalus This foot was treated by plaster 
and wedgings, with forefoot wedged m abduction (B) Forefoot was brought around m front of 

f iosterior foot until it was nearly corrected (C) When forefoot adduction had been corrected, 
ateral view of foot still showed extreme equinus (D), as no attempt had been made to correct 
equinus while adduction deformity was being corrected The plasters were then wedged m 
dorsiflexion and some correction was obtained (E), but little progress was made beyond this 
point Tendo achilhs was then lengthened, and wedgings in dorsiflexion continued This allowed 
fairly good correction (F) Foot would have rehpsed had treatment been discontinued at this 
stage, as deformity bad not been completely corrected If an operation had been attempted 
when patient entered hospital, it would have been very difficult to have obtained a good foot 
Now ligaments have been stretched on medial side, and foot is so nearly restored to normal 
that a good correction can be obtained by operation 
The Hoke clubfoot operation is done through a small incision on lateral border of foot (G) 
After carrying incision down to bone, anterior external comer of os calcis is removed, so as to 
give a better exposure for following steps (H) Calcaneocuboid joint is excised by a wedge- 
shaped excision with base of wedge on lateral torder of foot (I) This will shorten long lateral 
border of foot, and permit correction of any forefoot adduction Subastragalar joint is next 
excised bj another wedge shaped axcision with base of wedge on lateral border (J) — probably 
the most important step in the operation, as final alignment of heel will depend on accuracy of 
this excision If too little or too much bone is removed, heel will not set straight under midline 
of tibia but will be m varus or valgus Next step is to cut across neck of astragalus, just in 
front of articular cartilage on superior surface of body Ligaments arc cut about head and head 
and neck lifted out (K) Deltoid ligament is divided and cartilage curetted from scaphoid and 
about a third of neck and head replaced (L) This should be replaced medial to its original 
position as described (Courtesy, Jour Amer Med A5so,99 I1S6 ) 
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If the Achilles tendon has not been 
lengthened during the preliminary treat 
ment, it is now lengthened at the beginning 
of the operation by three partial trans\erse 
incisions as recommended by Hoke The 
foot IS then exposed through a lateral inci 
Sion (Fig 81 G) placed in the natural skin 
folds, extending from the peroneus tertius 
tendon do^Tnwa^d to the peronei tendons, 
and a little proximal to the calcaneocuboid 
joint The incision is carried dircctlj through 
the deep fascia don n to the bones Some of 
the fat IS removed between the fascia and 
bones for better exposure The <oft parts 
are dissected from the bones ivith a sharp 
periosteal elevator The anterior external 
corner of the os calcis is removed for better 
exposure (Fig 81 H) The calcaneocuboid 
joint IS first exposed, and a liberal, wedge 
shaped exasion is made with the base of 
the wedge on the lateral border of the foot 
(Fig 81 1) This wedge removes the anterior 
end of the os calcis and about one third to 
one half of the cuboid It goes through to 
the scaphoid and head of the astragalus but 
does not include Che«e If sufficient bone is 
removed the forefoot adduction can be cor 
rected later when the head of the astragalus 
has been removed 

Next the subastragalar joint is removed 
by another wedge-shaped excision, with the 
base of the wedge on the lateral border of 
the foot (Fig 81 J) If sufficient bone is 
itrnitfvtd Vi* t/sta’rt.'ft ns Triable to set 
under the midline of the tibia Removing 
the proper amount of bone from this joint 
IS probablj the most important one step in 
doing the operation If too little bone is 
removed, the heel is still left in a varus 
position, and if too much is removed the 
heel turns outward in a valgus position 

The next step is to cut through the neck 
of the astragalus just in front of the carli 
laginous superior surface of the astragalus, 
and remove the head and neck of the 
astragalus (Fig 81 K) This is carefully 
preserved for rein«ertion later The scaphoid 
can be seen on the medial side of the head 


of the astragalus The cartilage is removed 
from the scaphoid, so that it may fuse with 
the head when it is replaced and belter 
maintain the correction In order to get the 
scaphoid around in front of the head of the 
astragalus, the deltoid ligament is divided 
b> cutting through the tip of the tubercle 
of the scaphoid By abducting the forefoot, 
the scaphoid can be brought fonvard and 
around w ith the rest of the forefoot, leav ing 
a gaping space in the deltoid ligament The 
cartilage is then removed from the head of 
the astragalus which has been lifted out 
of the foot, and from a half to tno-thirds of 
the neck of the astragalus is cut away The 
remains of the neck and head are replaced 
in the foot (Fig 81 L) This time thej arc 
placed in a more medial position, so as to 
transmit the weight thrust straight forward 
from the bod> of the astragalus to the 
scaphoid and great toe It is placed far 
enough on the medial ^ide of the foot for 
the head to fit in the scaphoid 
By holding the foot m the mtdiine and 
dorsiflexing it, one can tell by the sense of 
feel whether the bead of the astragalus has 
been placed correctlj If it has not been 
placed over far enough to the medial side, 
the footstill comes up in a clubfoot position, 
and if placed over too fxt, the forefoot 
comes up in a llatfoot position If placed in 
the proper position, the foot feels like a 
normal foot as it is dorsiflexed 
TVit -purtixm VVit xAntii xnis txn 
awa> IS now cut up in fine bone shavings 
and these are placed m any spaces between 
the bones about the bod> of the astragalus, 
bead of astragalus, and scaphoid, so as to 
insure a better bon> fusion The deep fasaa 
IS then closed blood tight, if possible, b> 
interrupted fine silk sutures, and re enforced 
bj an additional row of interrupted sutures 
in the subcutaneous tissue If the foot was 
fairl> well corrected before the operation 
It can be easily placed in the de^^ired posi 
tion If it was in marked equinus, the foot 
should not be dorsiflexed to a right angle, 
because of the danger of stretching the pos 
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Fig 82 Congenital clubfoot deformity This is a three year old girl who has been put to 
sleep 27 times eWwhere, and her feet forcibly rnanipulated and plaster applied In spite of this 
she still presents a typical clubfoot deformity She walks with a wide base Has to step o\ er each 
foot in reel fashion Cannot stand alone but has to be held to mamtain her balance M eight 
is borne on lateral border of each foot and on dorsum of little toe Mo part of sole touches 
floor Sole faces backward and upward A bursa has developed on lateral border of each foot 
from walking The forefeet are adducted 90'’ There is inversion deformity and equinus deform 
ity When feet are held m the hand they are rigid as result of previous forcible manipulations 
and the forefeet can be brought around onfy to within about 45® of midime Knees have also 
been stretched and are hyperextended about 45* past straight into recurvatum Thc«e feet are 
more difficult to correct than those of the average untreated three year old clubfooted child Her 
photographs are used throughout m illustrating the nonoperative treatment 
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Tic 83 Congenital clubfeet after correction by nonoperatixe method Same girl as 
shown in Fig 82 after eight moaths’ treatment b} plaster and nedgings She is now 
able to maintain her balance without being held Feet are normal in outline and set 
flat on ground Both heels ^eem to be directly under midline of tibia By keeping 
knees flexed m casts, recurvatum deformity was corrected These feet come well up 
m dorsiflcxion She is wearing* swung out ’shoes which were made for her, and which 
were used at that time but are not us^now 
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tenor ve^sek and cutting off arculation 
The Io&> of circulation ma> be followed bj 
gangrene and lo«s of a part of the foot The 
foot should be brought up about half vraj, 
and a plaster applied 

In about two r\eeks a brief ane<!thetic 
maj be given the foot brought up into the 
desired position and a new plaster applied 
No weight bearing is permitted in plaster 
After SIX weeks the plaster is removed and 
a straight last or a normal high top <tiff 
leather soled shoe is applied The«e children 
need two or three weeks phj’siotherapj bj 
which time thej are able to walk without 
crutches and may be dismissed \\'hen this 
operation is accuratelj performed, jt gives 
a very high percentage of successful results 
with verj few relapses If the feet ^ould 
relapse the same operation can be done 
again removing a little more bone where 
necessarj and a successful correction ob- 
tained 

^O^OPEKATXVX TREATMENT OF CONCEMTAt 
CLUBFOOT 

After observing the stiff feet which some 
times followed manipulation of clubfeet an 
attempt was made to devise «ome method 
which would give belter feet I have pub 
lished X rays which show a solid bony fusion 
between all the bones of the posterior foot 
ankle and tibia following manual manipu 
lation which I did m>self and which I 
eblTrradn 

force From a stud) of these operative cases 
it did not seem that the results could be 
improved b) doing more accuratel) the op- 
erations which had alread) been described 
It seemed that a method should be used 
which would do le«s harm to the feet so I 
took the principles which were well known 
in the manipulative treatment and added 
patience and in 1924 corrected the first 
clubfoot in m> senes bj plastere and 
wedgings These clubfeet were corrected 
without the use of an anesthetic and with 
out any forable manipulations or cutting 
operations It took a long time and con 


siderable extra work, but the results were 
so pleasing that other clubfooted patients 
were tned In 1929 a report was made on 100 
patients treated bj plasters and wedgings ® 
Since then I have personallv treated over 
400 clubfooted patients bv this method and 
earnestly recommend it for those who are 
not seeking short cuts, but who are inter 
ested m getting the best results possible for 
these clubfooted patients It u probable that 
no major operation or other event in the 
individuals life will mean as much as the 
successful correction of the clubfoot deform 
It) His ability to become a wage earning 
citizen depends upon the success of thi« 
treatment 

Ninety per cent of all clubfoot cases seen 
b) me during the past 16 jears have been 
successful!) corrected bv plasters and wedg 
mgs At no time during the treatment is the 
child given an anesthetic. At no time is the 
force used in correcting these feet enough 
to cau»e the patient to cr> out with pain 
The correction is accomplished b) a series 
of plasters and wedgings 

Technic of Nonoperative Method This 
method might be best illustrated bv taking 
a fairl) 1)^1001 case and following il through 
Its entire treatment Ue will take a three- 
jearold girl who has had 27 forable 
manipulations under ether anesthesia else 
where, and also several tenotomies There 
were scars over both lendo achillis and the 
w? WiVi TVrt: Hfdc/iXKA ^trftainAy 
has relapsed so that the feet are now about 
like those seen in an untreated clubfoot 
patient (Figs 82 and S3) 

The patient is placed at the end of the 
table The clubfoot is held b) the surgeon 
and the plaster applied by the assistant 
AMien working with untrained assistants this 
procedure ma) have to be reversed but the 
important part of the treatment is holding 
the foot correcll) (Fig 84) This cannot be 
done unless the one holding the foot has a 
clear idea of the anatom) of a normal foot 
and of a clubfoot and the prmaples in 
\ol\ed m the correction of a dubfooU II is 
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Fig 84 Application of casts and wedRing in abduction Shons beginning of treatment on 
patient shown in Fig 82 Right foot is held by surgeon who places indet finger of hi» right hand 
under side of great toe down to head of first metatarsal (A and B) He Je3%es his finger in this 
position while sheet wadding and plaster areai^I ed This ailo\vshim a good gnp on foot if child 
struggles and gives his assistant room to apply plaster Foot is held m abduction while sheet 
wadding and plaster are applied Plaster u continued upward to midthigb (C) Once or twice 
a weeh foot la wedged in abduction by removing a wedge shaped piece of plaster from lateral 
border of foot (D and E — center) Edges are turned up with a plaster turner to prevent pres 
sure (F) Forefoot is abducted until patient shows signs of pain (G) The two segments of 
plaster are then joined together by a plaster bandage after manner described (H) On next 
plaster da>, three days or a week later this last plaster bandage is cut and peeled off and foot 
IS earned a little farther into abduction and another plaster bandage is applied in like man 
ner (I) After two or three wedgings a complete new plaster is applied 
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much easier to teach nurse assistants how^ to 
apply plaster correctly than it is to teadi 
them how to hold the foot As stated m the 
beginning, it is necessary to correct the fore 
foot adduction first While this is being cor 
reeled, the inversion deformity can also be 
corrected, each time new plasters are ap 
plied Both of these deformities must be 
completely corrected before beginning dorsi 
flexion 

Correction of Forefoot Adduction The 
forefoot IS abducted as much as possible, 
and is held m this corrected position while 
the sheet wadding and plaster bandages are 
applied The foot can be held best by the 
operator placing his index finger on the 
medial and under surface of the great toe, 
With pressure on the head of the first meta 
tarsal With his thumb on top of the great 
toe he has good control of the foot (Fig 
84 A) With his other hand he bolds the 
flexed knee at a right angle to the table 
The thumb can be raised as the bandages 
are applied but the index finger is not re 
moved until the sheet n adding has been 
applied to the leg and the plaster to the 
foot The sheet wadding must be applied 
smoothl) and evenly, and very snugly This 
IS the foundation for the plaster and it is as 
important that this be applied properly as 
It IS that a building have a proper founda 
tion Each edge of the bandage should lie 
flat on the leg and should not be allowed to 
pucker up in loose folds Edges of sheet 
wadding which stand out from the leg act 
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somewhat like feathers m a pillow, and 
keep the plaster away from the leg and pre 
vent the plaster from fitting as it should 
Small pads of three thicknesses of sheet 
wadding are placed over the points where 
pressure will come over the head of the 
first metatarsal, over the latenl surface of 
the foot, where the wedge will later be re- 
moved, around the back of the heel and 
over (he top of the flexed knee (Fig 84 B) 
The sheet wadding is applied by circular 
turns, Stretching the upper edge, when nec 
essiry, to make the lower edge lie flit It is 
continued up the leg as a spiral, overlapping 
two thirds of the previous turn and skip 
ping one third No more padding is used 
than is necessary When applying the band 
age of sheet wadding over a right angle as 
(he heel or knee, it can be made to he flat 
by first going over the center of the joint, 
and then making a figure of eight turn above 
and below, advancing away from the center 
of the joint The plaster should extend a 
little above the middle of the thigh, to pre 
vent slipping and to prevent rotation of the 
proximal segment when il is cut for wedging 
Many of these details may seem unimpor 
(ant, and some may say that they should he 
omitted However, after seeing the plasters 
which have been applied in some dimes, it 
seems that these little details are important 
Little can be expected from a loose, ill 
fitting plaster There are some who say that 
plaster encasements cannot be applied to 
babies, because they slip off Others sa> 


Fig 85 Wedging of piaster to gam abduction, and later dorsiflexion Same patient ^ m 
Fig 84 after plasters have been removed and a new one applied on right (A) Left foot is held 
m abduction by index finger of operator as desCTibed (B) A plaster bandage is applied ^ 
forefoot and another to posterior foot (C) Plaster is molded, and held until it has set (D 
and E) After plaster has been carried to midthigh it is marked for next wedging with an 
indelible pencil (F — lejt center) This is best done at time plaster is applied, while condition 
of feel 15 fresh in mind Frequently position of wredge is shifted a little farther forward or 
backward as indicated 

\STien forefoot adduction and inversion defotmrties have been corrected, feet are wedged in 
dorsiflction center, and H) Wedge of plaster is removed from instep Plaster is cut 

at level of malleoli This permits foot to be brou^t straight up into dorsillexion as described 
After feet come up in full dorsiflexion they are held this way for eight to 12 weeks (I) )' ben 
plasters are removed (J) parents are instructed how to stretch feet iwicea daj, first in abduc 
tion (K) if this IS needed, and then m dorsiflexion (L) (See Fig 83 for result after treatment ) 
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that plaster cannot be used because of pres- 
sure cores These statements admit a lack 
of skill in applying plaster It is the summa 
tion of all of these little details which brings 
success, and it is for this reason that many 
of them ate mentioned 
Tno plaster bandages are first applied 
(Fig SS C), one extending from a little 
beyond the toes backward on the forefoot, 
almost to the instep, and the second to the 
posterior foot and heel, making folds back 
and forth under the heel, so that the cast 
mil be as thick there as elsewhere Oire is 
taken not to let the plaster lap up on the 
mstep as this might make pressure if the 
ankle is dorsifiexed after the plaster has set 
The assistant then holds the flexed knee 
perpendicular to the table, and the sur 
geon molds the foot into the desired posi 
tion and holds it until the plaster hardens 
(Fig 85 D) 

This IS done most conveniently by grasp- 
ing the toes with one hand, making them 
flat, and making light pressure on the head 
of the first metatarsal by the crotch of the 
thumb The other hand grasps the heel and 
pulls the heel outward as the thenar emi 
nence of the palm makes pressure inward 
along the con\ex lateral border of the foot 
WTien the plaster has nearly set, a final 
molding can be done, by the surgeon shift 
mg to the opposite side of the table, and 
again pushing the toes and bee! outward 
while he makes pressure inward and up 
ward with the fingers under the antenor 
end of the os calas and cuboid (Fig 85 E) 
The foot must not be released until the 
plaster is hard, no matter how long it takes 
If this step IS hurried a part of the possible 
correction will be lost Impression” plaster 
which sets in three to fne minutes should 
be used ' Regular plaster which hardens 
only after seven to ten minutes is unsatis 
factory 

After the plaster on the foot has hardened, 
the application is continued up the leg to the 
midthigb, with the knee flexed (Fig 85 F) 
The ankle is held in the neutral position. 


with no attempt to dorsiflex it The imer 
Sion deformity of the postenor foot is cor 
reeled as much as pocsible each time a new 
plaster is applied, until the heel is straight 
under the tibia 

Wedging in Abouctios A wedge shaped 
portion of plaster is removed with the base 
of the w edge on the lateral side of the foot 
The encasement is cut at the antenor end 
of the os calcis and again about an inch 
farther forward over the cuboid continuing 
the incisions around to the medial side of the 
foot in the region of the astragaloscaphoid 
joint, dividing the cast into two segments 
(Fig 84 D> The edges of the cut plaster 
are turned up with an instrument made for 
this purpose, to avoid pressure (Fig 84 F) 
The forefoot js then abducted until the child 
shows signs of discomfort (Fig 84 G), and 
the encasement is reunited with one plaster 
bandage (Fig 84 H) 

The details of applying this bandage are 
important (Kile,** Ghormley**) This band 
age IS started at the base of the great toe, 
crosses over the dorsum of the foot to the 
lateral side of the ankle and goes around 
the heel, and continues as a figure-of eight 
across the dorsum of the foot to the little 
toe and back under the foot to the starting 
point on the great toe This continues back 
to the heel, again going around the heel 
The«e turns draw the forefoot outward The 
bandage this second lime is brought for 
ward along the medial border ol the foot to 
the great toe, and then around under the 
toes, on the edge of the cast under the toes, 
across to the httle toe, and back to the heel 
It IS this last turn which is drawn upon hard 
enough to make the proper amount of pull 
outward on the forefoot The bandage is 
earned around the heel, and the job is com 
pleted by applying the remainder of the 
bandage over the place in (he encasement 
where the wedge has been removed The 
bandage must be kept low on the heel, so 
that the forefoot is simply abducted and not 
pulled up m dorsiflexion It Is the strength 
of the gauze and not the hardness of the 
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plaster which holds the foot in correction 
Wedgmgs are done twice a week on all 
patients m the hospital and once a week in 
the out patient clinic For those who live a 
long distance, wedgmgs are done every two 
weeks After a plaster has been wedged two 
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until the forefoot is earned out past the 
midline for some 30'' or more The clinical 
test IS to allow the foot to hang free when 
the plaster has been removed If it no longer 
swings back past the midline into adduction 
the adduction has been corrected \ better 



Frc 86 Slechanics involved m correction of forefoot adduction 
Tracings made from \ rays of right fool of girl aged seven before and 
after correction of clubfoot deformity by piasters and wedgmgs \ ra>s 
made before treatment show that weight thrust of body coming down 
tibia is transmitted forward through astragalus strikes obliquely on side 
of scaphoid and pushes forefoot around m adduction (A) Uhenadduc 
tion deformity of forefoot has been completely corrected this weight 
thrust IS transmitted straight forward from astragalus through scaphoid 
to toes as shown in tracing of x ray made after correction of forefoot 
adduction (B) If wedging of forefoot in abduction is stopped before 
scaphoid is directly in front of head of astragalus, deformity will recur 
when weight bearing is permitted, because weight thrust will fall 
obliquely on scaphoid asm (A) (Courtesy, Jour Bone and Joint Surg, 
21 S98 ) 


or three limes, a new one must be applied 
as more wedgmgs are apt to cause pressure 
sores In a very young baby the plaster 
should be changed every two weeks because 
of the rapid growth of the bibj at this age 
New plasters and wedgmgs are continued 


test IS to continue m abduction until the 
anteroposterior v ray shows that the ad 
diiction deformity has been corrected 
^Vben the forefoot adduction has been 
corrected, the scaphoid which was medial to 
the head of the astragalus will be found 
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SS 

around in front of the head of the astragalus 
(Fig 86) The weight thrust doi\'n the tibia 
IS then transmitted through the astragalus 
to the scaphoid and straight forward to the 
toes If an attempt is made to dorsifleT 
the foot before the scaphoid is in front of the 
astragalus the scaphoid mil be forced up 
on the medial side of the head of the 
astragalus If much force is used, the 
scaphoid may become fixed on the medial 
side of the head and later it will be found 
very difficult to change its position If the 


The center of ossification for the scaphoid 
does not appear until about the fourth ^ ear 
When the scaphoid cannot be seen, the 
amount of correction can be determined bv 
X ra>, b> observing whether the midline of 
the astragalus points toward the first mefa 
lar«!al and great toe, or whether it points 
toward the middle of the foot If it points 
toward the great toe in the normal manner, 
the adduction deformit> has been corrected 
Correction of the WLcrsion deformitv is 
of suffiaent importance to justifj a detailed 



Fic 87 W edging of cast for correction of inversion deformity A wedge shaped portion 
of plaster is removed at about level of lateral malleolus, (he cut m plaster is carried all 
the way around ankle freeing the two segments Base of wedge is on lateral border 
A plaster bandage is started on medial side of loner leg about halfway between knee 
and ankle, and brought around under heel and up bteral border of leg Foot is everted, 
and tension on bandage holds foot in eversion Bandage is then earned around leg in 
circular turns to fasten vertical (urns to underl>ing piaster, and to fill in area where 
wedge has been removed 


scaphoid IS still on the medial side of 
the head, when the treatment is discon 
tinued and the child is allowed to walk, the 
weight thrust will fall obIiqueI> on the side 
of the scaphoid and push the forefoot back 
into the adducted position Fig 86 shows 
the mechanics of this and explains why 
forefoot adduction recurs when it has not 
been completely corrected If the forefoot 
IS earned outward too far the «icaphoid may 
be drawn around lateral to the head of the 
astragalus into a flatfoot position, which is 
undesirable Care «hould be exerci«ed to cor 
rect the adduction deformity completely 
without overcorrccting it 


discussion The value of thoroughly correct 
mg this deformity was not fully appreciated 
until some six or seven years ago, and was 
not rect^ized when the patient shown in 
the illustration was being treated (Fig 89) 
At this time a study was made of a series of 
recurrent clubfoot cases It was found that 
the anterior posterior x rays of the feet 
which relapsed showed that the anterior end 
of the os calas was rotated inward under 
the head of the astragalus, and that the feet 
had been brought up in dorsiflexion with 
this deformity still present 
The Inversion deformity is recognized in 
the anteroposterior x ray (Fig 88) by the 
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fact that the os calcis is rolled :n under 
the astragalus, so that the shadow of the 
anterior end of the os calcis is directly under 
the shadow of the head of the astragalus 
When the inversion deformity is corrected, 



Fro 88 Showing correction of mver 
Sion deformity on right but not on left 
Tracings from x rays of a child with 
bilateral clubfoot, whose inversion de 
formity has been corrected on right but 
not on left Forefoot adduction has been 
corrected in each fool — indicated by fact 
that midline of astragalus is pointing 
toward first metatarsal and great toe 
We ‘saj inversion deformity has been 
corrected on right because os calcis has 
been rolled out from under astragalus, 
from varus to a normal position Shad 
ows for anterior end of os calcis and 
head of astragalus are separated in nor- 
mal manner On left these shadows are 
superimposed, indicating that os calcts 
Is still rolled in under astragalus tn a 
\arus position Right foot is ready to be 
wedged m dorsiflexion Left foot should 
be wedged m eversion, until subsequent 
X ra>s show a separation of head of 
astragalus and anterior end of os calcis 
to about normal amount 

the os calcis is rolled outward to its normal 
position, so that the anterior ends of the 
two bones are separated The midlme of 
the astragalus then points toward the first 
and second toes, and that of the os calcis 
toward the fourth and fifth toe> 

CoRBECTioN or Inversiov Detormity 


When the plasters are applied for the cor 
rection of the adduction defomutj, the heel 
should be gradually everted Care should be 
taken when successive plasters are applied 
not to carry the heel out past the midline 
of the tibia, because a valgus or flatfool 
deformity may be produced If an antero 
posterior X ray shows that the deformity has 
been corrected, the foot is ready to be 
brought up m dorsiflexion If the x ray 
shows that the forefoot adduction has been 
corrected, but that the inversion deformit} 
has not been corrected, the plaster should 
be wedged in eversion This step is not often 
necessary if the heel has been ev erted when 
the plasters were applied The base of the 
wedge is removed about the level of the 
lateral malleolus (Fig 87 left and center) 
The plaster bandage used to join the two 
segments of the plaster is started on the 
medial side of the lower leg and brought 
down under the sole of the foot, and up on 
the lateral side (Fig il, right) B> pulling 
the bandage, the foot is drawn out into 
eversion, and held in this position as the 
gap in the plaster is closed Encasements 
are changed after two or three wedgings, 
and the fool again checked with x ray 
In making an x ray of clubfeet the center 
ray is directed straight down, without tilt 
mg the tube The patient lies flat on his 
back with his hips and knees flexed The 
knees are held together and must be straight 
vp, and not alioiTed to Uh to esther «rde 
The feet are held flat on the cassette b) 
holding the great toes This keeps the 
fingers of the one holding the feet out of 
the way It hardly seems necessary to add 
that the feet should be held so as to show 
the maximum correction gained The feet 
should always be held by the parents, so 
that no one individual will get too much 
exposure to the roentgen ra> In making the 
exposure the kilovolts should be increased, 
so that the exposure is a quarter of a second 
or less It IS difficult to keep struggling 
babies still for a longer time A fiv e b> se\ cn 
film 1 $ large enough to get an anterior- 
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posterior Mew of both feet, and 15 mex 
pensise 

If the foot la brought up m dor«:iflexion, 
with the heel in in\ersion, the os calcis will 
be held lightl\ under the oatragalua in an 
in\erted position The more force used m 
getting the foot up, the tighter theae bonea 
«ill be bound together in the deformed 
position It isphjuallj impoasible forthc*=e 
bones to correct this deformity spontane 
ou 1> so the deformit\ persists WTien more 
presaure !•« u«ed in trjing to correct the 
equinus deformilv the foot jielda in the 
trans\er«e tar at joint, and a rocler bot 
tom IS produced in the foot 

If il IS not recognized that the heel la 
still imerted and if the foot is held for a 
long period in dorsiflexion w ith the os calcia 
m m\ersion adhe'iona form beineen the 
os calcis and the astragalus binding the two 
bones together «o tight!) that the) cannot 
later be rotated to the normal po«ition with 
out operation In «ucb coses, at the time of 
operation, it is difncult to mtroduce a pen 
osteal elei’ator into the subastragalar joint, 
because of the adhesions 

A studs of these feet seems to subetan 
tiate the following statements WTien con 
tmued pressure is made on the bones 
forming a joint, m such a direction that 
the joint can mo\e little harm is done to the 
joint When the direction of the force is 
sudi that the joint cannot mo%e, or that 
W-ie TntAitm •» Tnesvmt tcrcaes 

atroph), and, if the pressure is continued, 
the trauma will produce adhesions in the 
joint later, if force is applied correct!), 
the deformit) frequenll) cannot be cor 
reeled, becau«e of the adhesions ubich bind 
the bones together It is for this reason that 
we should be sure that the adduction and 
imersion deformities are thoroughl) cor 
reeled before beginning dorsiflecion 

COMLECnOS OF EQUTSt.S DETOHMm 

After the adduction and imer^ion deform 
ities are completel) corrected the foot is 
brought up in dor«-ifle3aon, m order to cor 


rect the cqumus deformit) WTien the en 
casements are applied, it is important that 
pressure be made upward on the lateral 
border under the anterior end of the os 
calas, as the plaster is molded to the foot, 
«o as to pre«er\e the arch It is the ankle 
equinus which is the mo«t difiicult to cor 
reel, so we should keep in mind the restora 
lion of the os calcia and astragalus to their 
normal positions and not think <0 much 
about bringing the toes up toward the tibia 
The plaster is also carefull) molded about 
the heel lo that it uiU not slip aw\\ 
from the heel when the foot is wedged m 
dorsiflecion 

The foot IS icedgcd m dorsijlcxwn once 
or twice a week \ wedge shaped portion of 
plaster is removed with the base of the 
wedge over the instep This is removed at 
the level of the malleoh, as shown in Fig 
85 G and H, which leaves the plaster on 
the foot in the form of a low quarter <hce 
Wlien the foot is brought up in dorsiflcTion 
the motion takes place in the ankle joint 
If the wedge i«. cut with the apex over the 
tip of the bee! as is sometimes done, (he 
plaster will separate from the under surface 
of the heel, the fool will 5 neld m the trans 
veree larval joint, and a ‘ rocker bottom ’ 
will be produced With care this undesirable 
deformity should not occur, and it will not 
if the plaster is applied as described and 
wedged properly Tlie two segments of plas 
\vi Ml Vt/gtA5r/a V> n \3an6agt, 

using the same turns as before, onl) this 
time going around the back of the leg at a 
higher level so as to pull the foot upward 
The foot should be held m the midline, so 
that the maximum stretch is pbced on the 
Adiilles tendon If the heel is turned m 
ward or outward it vcill produce a varus or 
valgus deformit) After three or four wedg 
mgs a new encasement is applied, and the 
wedgings and plasters continued until the 
foot comes up as far as a normal foot, or 
preferably a little farther MTien the foot 
has been well overcorrected, it ts held in 
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this position for eight to 12 weeks The 
plasters are changed every three weeks dur 
ing this time, to make certain that the foot 
IS held in the correct position, as it is easy 
to let the heel turn out m valgus or back m 
varus as the plasters are applied 

This IS probably the most difficult stage 
of the treatment in which to maintain the 
cooperation of the parents They realize 
that the feet are straight and are anTious 
for their child to begin walking and are 
tired of the trips to the office However, if 
It IS properly explained to them that it is 
important to hold the feet in overcorrection 
until they begin to grow in this position, 
they will cooperate until it is time to remove 
the plasters 

The children are never allowed to walk 
on their enca<5eraents for two reasons First, 
It softens them and renders them useless 
Second, when weight bearing is prevented, 
atrophy takes place rapidly in the bones 
and the correction is accomplished more 
quickly When the last plaster is removed, 
the parents are instructed in how to stretch 
the feet straight up into dorsifiexion for five 
minutes every night and morning The feet 
are brought up as far as they will come 
without too much pain and held for half a 
minute and then released This is repealed, 
bringing the foot up a little farther each 
time if possible Wiggling the foot or rub 
bing It does not do the good that stretching 
does The children are taught to voluntarily 
carry out exercises to hold the foot in the 
overcorrected position 

A ‘ straight last” shoe is applied This is 
recommended because the ' m curve ’ of the 
average «hoe tends to turn the foot back 
into a \arus position None of the so called 
Clubfoot shoes have e\er been used If the 
foot IS well corrected, the child might go 
barefooted without fear of the foot re 
lapsing If the surgeon cannot get the foot 
corrected, it is expecting too much of the 
Shoe to do the job If “straight last” shoes 
cannot be obtained, the children should be 
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fitted with high top, stiff leather soled shoes 
Usually tie cheaper the shoe, the more 
nearly straight the inner border Shoes cost 
ing two dollars or less are worn by the clinic 
patients, and these seem to be as satis 
factory as the more expensive shoes 

These children should be seen m two or 
three weeks after thej come out of plasters 
(Fig 83), and if the foot does not come 
well up into dorsifiexion, plasters should be 
re applied immediately At one time when 
it vas noticed that the forefoot adduction 
was recurring, a “swung out shoe was ad 
vised, with a lift under the lateral border 
of sole and heel Now it is advised that 
plasters be re applied and the deformity be 
completely corrected The children should 
come back every month or two at first and 
then every six months to a >ear, and should 
be followed until past adolescence 

When the feet have been corrected by 
the noDoperative method no damage has 
been done to the joints and the feet have 
practically as mui± motion as normal feet 
If the deformity recurs, they are easy to 
correct by repeating the same treatment 
since (here are no adhesions m the joints 
This IS not true after forcible manipulations 
and operations 

Most of these patients can be treated in 
the office or clinic, so the cost of the treat 
ment is less than the operative method, 
which frequently requires several admissions 
to a hospital The treatment by plasters 
and wedgings is a laborious method, but the 
surgeon is amplj repaid by the improved 
results 

It IS necessary to complete the history 
of the patient shown m Fig 82, to give a 
* typical ’ example of a clubfoot case and to 
illustrate what to do when the deformity 
recurs \\Tien the child is sent home with 
the feet corrected, the job is not finished 
This IS especiallj true with feet which have 
been forably manipulated previouslj, and 
which have recurred previously 

This patient lived more than 300 miles 
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posterior \iew of both feet, and is inex 
pensi\e 

If the foot Is brought up in dor«iflexion, 
with the heel m imersion the os calcis will 
be held Ughtlj under the astragalus in an 
imerted position The more force used in 
getting the foot up the tighter the^e bones 
viiH be bound together m the deformed 
po ition It is phjsically impossible for the«e 
bones to correct this deformitj spontane 
ouslj so the deformitj persists When more 
pressure is used in trjing to correct the 
equinus deformitj the foot jielda in the 
tranb%er«e tar«al joint and a rocber bot 
tom li produced in the foot 

If It IS not recognized that the heel is 
still imerted and if the foot is held for a 
long period in dor^iflexion with the Os calcis 
in inversion adhesions form between the 
os calas and the astragalus binding the two 
bones together «o tightlj that ihej cannot 
later be rotated to the normal position with 
out operation In such ca<es at the time of 
operation it is diCiicuU to introduce a pert 
osteal elev'atoc into the subastragalar joint 
because of the adhesions 

A study of these feet seems to substan 
tiate the following statements When con 
tmued pressure is made on the bones 
forming a joint in such a direction that 
the joint can move little harm is done to the 
joint WTien the direction of the force is 
such that the joint cannot move, or that 
the motion is blocked the pressure causes 
atropbj and if the pre«sure is continued 
the trauma will produce adhesions in the 
joint Later if force is applied correcllj 
the deformitj frequently cannot be cor 
reeled because of the adhesions which bind 
the bones together It is for this reason that 
we should be -sure that the adduction and 
inversion deformities are Ihoroughlj cor 
reeled before beginning doreiflexion 

Correction of Equinls DrroaaiiTV 
Mler the adduction and inversion deform 
ilies are completelj corrected the foot is 
brought up m dorsifiexion, in order to cor 


reel the equinus deformitj WTien the cn 
casements are applied it is important that 
pressure be made upward on the lateral 
border under the anterior end of the os 
calcis as the plaster is molded to the foot 
<0 as to preserve the arch It is the ankle 
equinus which is the most diHicult to cor 
reel, «o we should keep in mind the teslora 
tion of the os calcis and a:^t^aga]u$ to their 
normal positions and not think so much 
about bnnging the toes up toward the tibia 
The plaster is also carefullj molded about 
the heel so that it will not slip awav 
from the heel when the foot is wedged m 
dorciflerion 

The foot is d-cdged m dorsifiexton once 
or twice a week A wedge 'haped portion of 
plaster is removed with the ba«e of the 
wedge over the mstep Tbi« is removed at 
the level of the malleoU as shown m Hg 
8> G and H which leaves the pla«ter on 
the foot in the form of a low quarter «hce 
When the foot is brought up in dorsiflexion 
the motion takes place m the ankle joint 
If the wedge is cut with the ape^ over the 
tip of the heel, as is sometimes done the 
plaster will separate from the under surface 
of the heel, the foot will jield in the trans 
verse tarsal joint and a 'rocker bottom 
wiU be produced \\ ith care this undesirable 
deformitj should not oorur, and it will not 
if the plaster is applied as described and 
wedged properly The two segments of plas 
ter are joined together by a plaster bandage 
Using the same turns as before onlv this 
time going around the back of the leg at a 
higher level so as to pull the foot upward 
The foot should be held m the midline, so 
that the maximum stretch is placed on the 
Achilles tendon If the heel is turned in 
ward or outward it wall produce a varus or 
valgus deformitj After three or four wedg 
ings a new encasement is applied and the 
w^gings and plasters continued until the 
foot comes up as far as a normal foot or 
preferablj a little farther WTien the foot 
has been well overcorrected, it is held in 
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this position for eight to 12 weeks The 
plasters are changed every three weeks dur 
ing this time, to make certain that the foot 
IS held in the correct position, as it is easy 
to let the heel turn out in valgus or back m 
%arus as the plasters are applied 
This IS probably the most difficult stage 
of the treatment in which to maintain the 
cooperation of the parents They realize 
that the feet are straight and are anxious 
for their child to begin v,alking and are 
tired of the trips to the office However, if 
it IS properly explained to them that it is 
important to hold the feet in overcorrection 
until thej begin to grow m this position, 
they Mill cooperate until it is time to remove 
the plasters 

The children are never allowed to walk 
on their encasements for two reasons First, 
It softens them and renders them useless 
Second, when weight bearing is prevented, 
atrophy takes place rapidly in the bones 
and the correction is accomplished more 
quickly When the last plaster is removed, 
the parents are instructed in how to stretch 
the feet straight up into dorsiflexion for five 
minutes every night and morning The feet 
are brought up as far as they will come 
without too much pain and held for half a 
minute and then released This is repeated, 
bringing the foot up a little farther each 
time if possible Wiggling the foot or rub 
bmg It does not do the good that stretching 
does Thediihlrjm.ane.rajijjjhr.t/iVQJiiB/aj’.O.v 
carrj out exercises to hold the foot in the 
overcorrected position 
A "straight last” shoe is applied This is 
recommended because the ‘in curve ’ of the 
average shoe tends to turn the foot back 
into a varus position None of the so called 
Clubfoot shoes have ever been used If the 
foot is well corrected the child might go 
barefooted without fear of the foot re- 
lapsing If the surgeon cannot get the foot 
corrected, it is expecting too much of the 
shoe to do the job If “straight last’ shoes 
cannot be obtained, the children should be 


91 

fitted with high top, sUff leather soled shoes 
Usually the cheaper the shoe, the more 
nearly straight the inner border Shoes cost 
ing two dollars or less are worn by the clinic 
patients, and these seem to be as satis 
factory as the more expensive shoes 

These children should be seen in two or 
three weeks after they come out of plasters 
(Fig 83), and if the foot does not come 
well up into dorsiflexion, plasters should be 
re applied immediately At one time when 
it vas noticed that the forefoot adduction 
was recurring a “swung out shoe was ad 
vised, with a lift under the lateral border 
of sole and heel Now it is advised that 
plasters be re applied and the deformity be 
completely corrected The children should 
come back every month or two at first and 
then every six months to a year, and should 
be followed until past adolescence 

WTien the feet have been corrected by 
the nonoperative method no damage has 
been done to the joints, and the feet have 
practically as much motion as normal feet 
If the deformity recurs, they are easy to 
correct by repeating the same treatment 
since there are no adhesions m the joints 
This IS not true after forcible manipulations 
and operations 

Most of these patients can be treated in 
the office or dime, so the cost of the treat 
ment is less than the operative method, 
which frequently requires several admissions 
In a. hniipiial Tha treatment by plasters 
and wcdgings is a laborious method, but the 
surgeon is amply repaid by the improved 
results 

It IS necessary to complete the history 
of the patient shown in Fig 82, to give a 
* typical ' example of a clubfoot case and to 
illustrate what to do when the deformity 
recurs MTien the child is sent home with 
the feet corrected, the job is not finished 
This IS especially true with feet which have 
been forcibly manipulated previously, and 
which have recurred previously 

This patient lived more than 300 miles 
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from the clinjc, and when she returned 20 seemed to set straight under the midlme 
months later the clubfoot deformity had of the tibia at the completion of the second 
recurred on the left (Fig 89) There was course of treatment (Fig 91) 
forefoot adduction some inversion and the E\en though repeated letters were wit 
heel lacked an inch from coming down to ten urging the parents to bnng this child 
the floor This patient returned at the time badw for observation, it nas four years 
we were x raying these feet to see why one before she was brought back She was now 
recurred and one did not The x rajs (Fig ten jears old, and the left foot had relapsed 
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Fio 89 Recurrent clubfeet Shows condition of feet sho^m in Fig 83, 20 months later 
Right foot has held its correction but all three elements of a clubfoot deformitj have 
recurred on left There la forefoot adduction some inversion of heel and equinus de 
formitj so that patient cannot gel heel to floor 
Fic 90 X rays of recurrent clubfoot deformity J\Tjen patient returned 20 months 
after treatment right foot was corrected, but left turned back into a clubfoot position 
This X ray shows '^nat inv ersion deformity is wAJ coxietted on Ti^nl Shadows lor arfterior 
end of os calcis and head of astragalus are separated about the normal amount On left 
os calcis IS rolled in under astragalus so that the two shadows arc superimposed showing 
that inversion deformity of heel has not been corrected on left Even though center of 
ossification for «capfaoid cannot be seen at five midline of astragalus points toward great 
toe showing that forefoot adduction has been coiiecled 

90) showed that the inversion deformity but the right foot was satisfactory (Fig 92) 
had been corrected on the right but that An attempt was made to correct the deform 
It had not been corrected on the left The ity on the left with plasters and wedgings 
patient was treated again by plasters and but little was accomplished An operation 
wedgings ^Yhen attempts were made to was then done The Achilles tendon was 
evert the left foot it could not be brought lengthened and a Hoke clubfoot operation 
out as desired because of adhesions in the was done as described above This gave her 
subastragalar joint However, the heels a nice correction of the left foot 
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She was seen last four years after the 
operation, at the age of 14 {Fig 93). She 
is not running her shoes over, has no trou- 
ble with her feet, and since they have held 
thejr correction for four jears they will 
probably stay straight. It is inleresUng to 
compare the x-rays of these two feet at the 
age of 14 (Fig 94). The right, which was 


operative method is strongly recommended 
for the younger children, but for the 10 per 
cent who have had treatment before or 
have been neglected and come late for treat 
ment, operative treatment is necessary and 
the operation described has given \tr> 
pleasing results It is certainly prefcrahlc 
to forcible crushing 
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Fro. 91. Result after a second course of treatment. Shows feet of patient shown in 
Fig. 89, after a second course of treatment by plasters and wedgmgs Both heels set 
straight under midline of tibia, and equmus deformity has been corrected 
Fic 92. Relapse of clubfeet after second course of treatment. Shows that feet shown 
in Fig 91 have relapsed four years later. Right foot is still holding its correction, but 
left is running shoe over, and shows a slight forefoot adduction, some inversion deformity 
of heel, and equinus deformity. Patient is now ten years old. An attempt was made to 
correct left foot again by plasters and wedgings, but this was unsuccessful The deformity 
was then corrected by a Hoke clubfoot operation 

Fig. 93. Result four years after operative correction on left. Same feet shown in Figs. 82 
to 92. Deformity on right was corrected by nonoperative treatment, and that on left by 
operative treatment. She is now 14 years old and is not running her shoes over, and_ is 
having no trouble with her feet. She walks without a limp, but has a little loss of elasticity 
to the gait on the left 


treated by the nonoperative method, shows 
practically normal architecture, with about 
the normal space between all the joints of 
the foot. The left foot shows the fusion 
between the calcaneocuboid j'oint, the sub- 
astragalar j'oint, and the astragaloscaphoid 
joint. The right foot has more motion, and 
more elastidty when she waiks. The noo- 


CONGENITAL ANOMALIES OF TOES 
The most common congenital variation of 
the toes is polydactylism, or supernumerary 
digits Other anomalies which may require 
treatment are syndactylism, macrodacljl- 
ism, congenital contracture, and congenital 
absence of toes or parts of the foot. 
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PofiDACTYtlSil 

Pol>dact>Iism is an increased number of 
toes This usuallj consists of only one extra 
toe, but at times there may be double the 
usual number (Figs 49 and 51) There maA 
be as many extra metatarsals as there are 
extra toes or the extra toe may be an out 



Fic 94 \ rajs after clubfoot treat 
merit \ ra\s made at age 14 of girl 
shown in Figs 82 to 93 Right foot, 
which was treated bj nonoperatne 
method show's practically normal archi 
lecture, with about normal amount of 
joint ^ace, indicating that little or no 
harm has been done by treatment Left 
foot shows result of operation four years 
previously, in which calcaneocuboid, snb 
astragalar, and astragaloscaphoid joints 
were fused Superior surface of as 
tragalus la each foot is flatter than nor 
mal which limits full ankle motion This 
probably followed the 27 forcible manip- 
ulations she had when a baby 

growth from the distal end of a normal or 
‘ \ shaped metatarsal The extra toe may 
be on the great toe side (Fig 95), or on the 
little toe side (Fig 96) This deformity is 
always present at birth, shows a xery defi 
mte tendency to run in families, and may be 
traced back for sexeral generations 


Treatment is required because the extra 
toe makes the foot too large to go comfort 
abty into regular shoes These children come 
for treatment after they ba\ e been wearing 
shoes for several years, and after they have 
tried tennis shoes and oversixed shoes with 
out relief An x ray should first be made to 
determine if there is an extra metatarsal 
as this should be removed if it increases the 
width of the foot It usually is not difiicult 
to tell which IS the extra toe This 13 re 
moved bv a circular incision about the bas^ 
of the toe The tendons are drawn down as 
far as possible and severed The capsule of 
the proximal joint js cut acro«s, and the toe 
disarticulated \ny protruding bone should 
be removed with a chi«el or bone forceps, 
so to leave a smooth surface Enough bone 
should be removed to reduce the foot to the 
normal size Operatise treatment is a very 
satisfactory procedure m this condition and 
IS foUowed by complete relief (Fig 97) 

SYNDVCrVXTSM 

Syrndactylism is a webbing of (he toes 
and seldom needs to be corrected ^\Tien it 
involves an extra toe, the extra toe is sepa 
rated <Fig 95) The methods of correction 
would be the same as for separating webbed 
fingers {For procedure, «ee p 3 J 

■\lACIlODACTYLISlt 

\tsr:c<»i3£3LyU<:ta vs. an. overgrowth, of one 
or more toes The child is bom with the 
delortmiy The enlarged toe may increase 
in size out of proportion to the rest of the 
foot Sometimes the enlargement is due (0 
a lipoma, but this IS present at birth Several 
varieties are shown under congenital hyper 
trophies (Figs 37, 38, and 39) The patient 
shown in Fig 39 had very unusual feel 
The X raj of her feet shows the tremendous 
enlargement and elongation of the second 
and third toes (Fig 9S) It was necessary to 
amputate the <econd and third toes so that 
she could wear shoes 
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Congenital Contracture or A^cutATIOV 
OF Toes 

Congenital contracture or angulation of 
the fifth toe on top of the fourth toe is seen 
occasionaUy This is iiequenUy hwedilaty 



\ B 


Fig 96 Polydact^lism e^tra little 
toe bilateral This bo> aged ten was 
born with sit fingers and sut toe* on each 
side Extra fingers were rcmoied shortly 
after birth He has great difticuUy m 
wearing «hoes becau«e of pressure on 
sixth toe on each foot (A) Extra little 
toe on each foot was amputated (B) 
He IS now able to wear normal shoes 
with no discomfort 



A Similar contracture of the little finger is 
frequently seen m mother and child The 
o^e^^applng of the fifth toe on the fourth 
may cause no discomfort> especiallj in boj s 
but girls often complain as thej wear much 
narrower shoes (Tig 99) In the patient 
shown it was found that the extensor tendon 
to the little toe was contracted This was 
lengthened bj a plastic operation and a 
plaster applied with the toes plantar flexed 
After the operation she was able lolun 
tardy to flex the toes She received a short 
period of phystotherapj A jear later she 
had a satisfactory result She could not flex 
the tififi toe quite as far as the others but 
was free of the pain from pressure 

CoNCEMTAL ABSENCE OF TOES 
\ congenital alienee of one or more toes 
IS usual!} associated with an absence of the 
corresponding meialar«al The missing toe 
IS usuall} on the lateral border of the foot 
This deformity is frequenil) assoaaletl with 
some other deformity of the foot, as club 
foot deformitv (Fig 100) Clubfoot deform 



A B C 

Fig 97 Polydaciylism inadequate operation Thu» bov was bom with six fingers and 
SIX toes on each side Family physician amputated extra finger and extra toe on each side 
when patient was «c\en weeks old Patient at age of six still cannot wear leather shoes 
because of discomfort from pressure about hitle toes (A) \ ray shows an extra rudi 
mentary phalanx on right representing a pan of the extra toe which was not completely 
removed (B) On left there la a \ -shaped fifth metatarsal with a part of the extra 
phalanx It is quite ev ident that an inadequate operation was done Remaining portion 
of sixth toe on each side was removed On left a part of branching fifth metatarsal was 
also trimmed away Patient has had no further trouble with his feet (C), and wears 
normal shoes vnth comfort 


CONGENITAL ANOMALIES OF TOES 


mi 


Fic 98 MacrodactyJism X ray of feet of gnl shown in Fig 39 Parents first objected 
to operation, so special shoes were made for her These pro\ed to be too expensive, so 
consent was given for operation, and the hypertrophied second and third toes were ampu 
tated, reducing length of fool so that she was able to wear normal shoes X-ray shows 
that shafts of second and third metatarsab are considerably longer than normal, and that 
they have taken most of the weight in walking as they are denser than normal, nhile first 
metatarsal shows slight atrophy as compared with the one on right Hjpertrophy abo 
involves phalanges of second and thud toes 
Fic 99 Congenital contracture of toes (dorsiflexion) At birth each little toe was on 
top of the fourth toe (top and center illustrations) She suffered constantly from pressure 
of shoes on these toes, and at age 13 came for relief Fxfensor tendons nere found to be 
contracted These were lengthened by a plastic operation Three partial transverse inci- 
sions were made in tendons similar to method used to lengthening Achilles tendon After 
operation, patient was able to voluntarily plantar flex her toes (bottom illustration) 
^Vhen seen a jear later she was wearing normal shoes in comfort 





Fio 100 Congenital ab«ence of toes Father and mother have normal feet Patient was 
bom with both feet clubbed (A), and nith an absence of fourth and fifth toes on right 
and fifth toe on left (B) There is an absence of astragalus and cuboid on right, as weU 
as fourth and filth metatarsaU (C) 0» calcb is fiistd in extieme equmus On left, cuboid 
IS fused to oa calcis (D) Postenor foot is in extreme cquinus Clubfoot deformity was 
corrected by a series of plasters and wedguigs It was more difficult to correct equinus 
on right than on left Smce there is no astragalus on right, right foot has had a persistent 
tendency to turn back into a varus position when it has been left out of plasters For this 
reason it has required much longer to correct this foot (E) than it requires for an average 
clubfoot 
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ity accompanied by a loss of part of the 
bones in the foot is much more difficult to 
correct than a clubfoot which is not deficient 
m any of the parts \\Tien these feet are 
corrected, they are much more prone to 
recur Nothing can be done about the loss 
of the toes The problem is that of correct 


ing whate\er deformity is present, and this 
IS done by plasters and wedgings Usually 
smaller shoes are needed or if the deformity 
IS unilateral (Fig 101), mismated shoes In 
the unilateral cases the leg affected is usu 
ally smaller and a corX hft mav be needed 
as the child grows older 
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Fio 101 Congenital absence of lateral four toes and corresponding metatarsals Patient 
presented a clubfoot deformity on right, m addition to congenital absence of lateral four 
metatarsals and toes (A) Only first metatarsal and great toe were present m forefoot 
Remainder of forefoot appeared to be a pad of fat and soft tusue 
Clubfoot deformity was corrected by a senes of plasters and wedgings but required 
longer for its correction than an average clubfoot (B) He has held his correction nicely 
a year and a half after treatment (C) Right leg measures 3 S cm shorter than left at 
age three He wears mismated shoes but no lift as yet 
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Congenital Dislocation of Hip 


A H Brewster, M D 


The first accurate description of congeni 
tal dislocation of the hips was by Agostmo 
Paci of Pisa He reported 24 cases at the 
Ninth International Congress in Rome in 
1894 Previous to this report no senes of 
cases xvere reported There were only spo 
radic reports which are of no value Since 
Agostmo Paci s report in 1894 the subject 
has received the attention of a vast number 
of observers in all parts of the avilized 
world 

[The following excellent brief resumes of 
theoretical etiology, embryology anatomy, 
and signs and symptoms are allowed here 
to stand since their bearing on treatment 
rationale and prognosis and on inlerpreta 
tion of results, while m many instances not 
direct, IS nevertheless definite— Ed j 

ETIOLOGY 

The etiology of congenital dislocated hip 
or hips IS unknown Many theories have 
been advanced, anj one is just as good as 
another Some of the theories advanced 
arc 

1 A failure m the correct embryologic 
development of the acetabulum, the capital 
epiphysis, and the capsule of the hip joint 

2 Fixed position in utero conducive to 
the development of dislocation of the hips 

3 Failure of the epiphjsis at the superior 
margin of the acetabulum to develop 'Hiis 
theory was advanced by L B Morrison’ 

4 In recent jears V'ogt has contended 
that congenital dislocation of the hip is a 


postnatal condition due to inherent relaxa 
tion of tendon and ligaments’ 

EMBRYOLOGY 

According to Dr Leo McDermott ’ in the 
6 75 mm (3 plus wks ) embryo are found 
the limb buds filled with mesodermal cells 
indistinguishable from one another In the 
10 mm (4 plus wks ) embryo the sciatic 
nerve and femoral artery can be distin 
guished in the 15mm (5 6 wks) embrjo 
the region of the hip joint is shown as dense 
blastema and the femur can be recognized 
as containing precartilage At 17 55 mm 
muscle groups can be recognized about the 
femoral shaft and in the region of the 
greater trochanter The femur is fairly well 
outlined and contains cartilage cells The 
ilium and pubis can be identified At 19 3 
mm (7 wks ) angulation at the upper end 
of the femur outlines the femoral neck The 
acetabulum and femur comprise one mass 
until the joint space opens The acetabular 
fossa can be recognized m the 22 8 mm 
embryo and within it the origins of the 
ligamentum teres and the Haversian gland 
are recognized In the 23 mm embrj o the 
joint line appears as i zone of diminished 
density in the blastemil cells All of the 
pnmo^ia of the innominate bone can be 
«een The neck of the femur shows more 
angulation I igamentum feres is recogmz 
able At 28 8 mm the origin of the liga 
mentum teres from both pubis and ischium 
IS shown within the acetabular fossa At 
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30 mm the glenoid labrum IS well de\ eloped 
and angulation of the femoral neck is 
increased The ligamentum ter^ an«es by 
disappearance of cells from the blaslemal 
tissue within the region of the acetabular 
fossa leaving ihii structure At 36 mm 
spaces can be <=een in the tissue about the 
head of the femur The ligamentum teres is 
closel> applied to the femoral head At 444 
mm the joint cavity is quite well de\ eloped, 
the capsule recognizable, and numerous ves- 
sels are 'een m the Haversian gland, the 
ligamentum teres, retinacula of 1\ eitbrecht 
At 77 mm vessels can be seen entering the 
wtoV. cA Sine A'crtfoi smaVi Varouat 

hollowed out of the cartilage beneath the 
retinacula At 167 mm ves«els are recog 
nized in the head and neck of the femur and 
some can be demonstrated entering through 
the ligamentum teres The acetabulum is 
relatively shallow in comparison with the 
head In acute flexion at this time, the head 
of the femur seems to press on the joint 
capsule outside the transverse acetabular 
ligament inferiorlj The elements of the 
hip joint develop from one mass of blastema! 
tissue, and for this reason it is unlikely that 
dislocation could occur before the develop- 
ment of the joint space 

ANATOAfY 

The normal acetabulum is made up of a 
pubic and ischiatic portion The ilium also 
helps m making the acetabulum At an 
early stage we have the epiphysis, and a 
great part of the abov e named bones are 
cartilaginous The capital epiphysis of the 
femur, the epiphyseal line, and the neck of 
the femur are also anatomic landmarks 
The capsule of the hip joint is also a very 
important anatotmc structure The liga 
mentum teres is another anatomic structure 
of importance in all instances 

Robert Soutter and Robert Lovett 
make the following statement^ 

In normal hips, the acetabulum is made up 
of a pubic and an ischiatic portion, which de- 
velop one faster than the other In 90 per cent 


of all cases prevnous to the «econd birthday, 
the iliopubic and ischiopubic portions were as 
1 1 After the second birthday, 75 per cent 

of all cases showed a relation of 2 3, so that 
the acetabulum develops chiefly from the 
ischiopubic portion, especially after the child 
begins to walk 

In J1 per cent of normal cases the upper 
nm of the acetabulum is very oblique in 56 
per cent obhque, and m 33 per cent slightly 
Between 1 and 2 years of age 26 per cent are 
obhque Beyond the second year no acetab 
ulom « oblique m the normal The oblique 
shelf L> probably not abnormal b“fore the 
child begins to walk 

The capital epiphysis of the femur does not 
appear as a rule before six months The rela 
live proportion vanes at different ages In 
children from sue months to 3 years, SO per 
cent are two parts capital ep physb and one 
part neck, while 33 per cent are three parts 
capital epiphysis and one part neck and 16 
per cent are one part capital and the neck 
one part Beyond the fourth birthday the 
articulating bead is composed as a rule, of 
four parts capital epiphy'sis to one part neck 
The capital epiphy«i» develops very much 
faster than the ned. in forming the ultimate 
articubting head of the femur 

In a study of the capita) epiphysis (that 
part above tbe epipby'«eal line) the norma) 
ultimate head broadens and is formed from 
the capital epiphysis and the neck, the capital 
epiphysis portion increasing tnice as fast a^ 
the portion formed from the neck 

The angle of the neck, according to 
Dwight,’ la about 160 degrees and decreased 
toward puberty to 125 degrees 

Soutter and Bradford® in a hrge senes of 
normal hips report 50 degrees of antetorsion 
to 0 degrees with an average of 144 degrees 
They quote "Mikulicz with a senes of -f- 37 
to -f- 25 and an average of -f- II 6, and Broca 
with 38 to — 2 but no average 

TTie femoral neck up to the second birthday 
IS short ^^lth growth it gradually becomes 
longer and more slender, and there is a defi 
nite decrease in both angle and torsion As a 
rule, the shorter the neck, tbe broader it is 
(Tht> was noted in the normal and dislocated 
hip os well ) 

A nummary of the conclusions of the hipis 
in normal children shows that the acetabular 
ehelf IS onginally 'lightly oblique upward and 
outnard, and grows horizontal at the age of 
weight l«anng The capital epiphysis appears 
about the *ixth month aj a *mall round body 



FROM BIRTH UNTIL 

which IS separated from the neck by a nearly 
horizontal line, and no segmentation of the 
epiphysis is observable 

The articulating surface of the head is usu 
allj made up of two portions from the femoral 
epiphysis and one portion from the neck The 
effectiveness of the acetabular shelf vanes, 90 
per cent being about normal 

In a child, the femoral neck is broader and 
shorter, with a higher degree of torsion and 
angulation than appears in adults 

The articulating surface of the bead ap 
pears to be more largely made up from the 
capital epiphysis and a little from the neck 

PATHOLOGY 

Any deviation from the normal anatomy 
of the hip joint must be considered patho 
logic Increased obliquity of the shelf of the 
acetabulum, abnormal shape of the head 
and neck of the femur, hourglass contrac 
lion of the capsule, elongation of the liga 
mentum teres, and delayed ossiUcation of 
the capital epiphysis are the most common 
pathologic conditions met in congenital dis 
location of the hip, and must be considered 
in prognosis or treatment 

FREQUENCY 

In a comparatively recent unpublished 
report of 126 cases by Delbert Hand ■' there 
were 176 dislocated hips Of this number 
89 per cent were females and 11 per cent 
were males Bilateral involvement was pres 
ent in 39 per cent of the cases, unilateral m 
61 per cent, the right hip slone was in 
volved in 2S per cent of the cases, and the 
left alone in 36 per cent Other groups of 
reported cases agree with these figures 

To facilitate the discussion of treatment. 

It seems wise to divide congenital hip or 
hips into the four groups of patients that 
follow 

1 From birth until the age nhen walk- 
ing begins 

2 From the age of walking up to three 
>cars 

3 From the age of three years up to six 
>ears 

4 From six >cars on 


WALKING BEGINS 103 

GROUP ! FROM BIRTH UNTIL 
WALKING BEGINS 

Signs and Symptoms It has been only 
in recent years that the diagnosis of con 
genital dislocated hip or hips has been made 
before the patient walks The advent of the 
xray made it possible to prove the diag 
iiosis when such a condition was suspected 
clinically after the age of six months when 
the femoral epiphysis showed calcification 
The most important clinical signs of con 
genital dislocated hip m a child who has 
not walked are in single dislocation 

1 Increase jn the number of folds in 
front and back of the thigh as compared to 
the normal side There is usually one fold 
m a normal hip both front and back 
whereas m a dislocated hip there are two 
or more folds front and back, two being the 
usual number (Fig 102) 

2 Increase in all motions of the hip joint 
except abduction as compared to the normal 

bip 

3 The greater trochanter is above Nela 
ton’s line (a line drawn between the an 
tenor superior spine and the tuberosity of 
the ischium) 

4 There is piston motion in the dis 
located hip , that is, the head and trochanter 
can be pushed up and down This does not 
occur if a hip is in joint 

5 As a rule, if the child is recumbent on 
the back, the leg on the side of the disJoca 
tion IS held in a position of external rota 
tion just like that which is seen in a fracture 
of the neck of the femur in an older person 

6 If the child IS placed on its back m a 
recumbent position with the knees flexed so 
that the soles of the feet rest squarely on 
the table, the knee on the dislocated side 
Will be lower than the knee on the normal 
side 

7 X rays do not help because there is 
no way of determining whether the greater 
trochanter or trochanters are above Nela 
ton’s line (Fig 103) 

8 X ray of a child under six months will 
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Fig 102 (To/>) LcU hip dislocated show 
ing multtplicitj of folds m front and back 
Folds are much deeper on left and a third fold 
appears on that side Front \iew is \er> con 
\nncing 

Fig 103 (Bottom) "S. ray taken at age 
three weeks It is impossible to delcmine 
whether one or both hips are out of sod^et 
It happens that both of the«e are out of socket 
At this age the capital epiphysis cannot be 
seen by x ray If a single dislocation were 
present, the trochanter on that «ide might be 
higher 


show the greater trochanter higher than 
that on the normal side, but the capital 
epiphysis has not ossified up to this age 
and does not appear in the x raj 
9 X ray after six months up to the age 
of walking will show the trochanter high 
and the capital epiphysis will appear to be 
out of the acetabulum 
The signs in this group when both hips 
are dislocated are, for the moat part the 
same as when onij one hip is dislocated 
The multiplicity of folds in the front and 
back of the hip is bilateral There is an in 
crease in all motions of both hips except in 
abduction Both greater trochanters are 
above Nelaton s line If the patient is placed 
on Its back in recumbency and the knees 
and hips are flexed so that the soles of both 
feel rest squarely on the table, the knees 
will be level If one hip alone is out of ;oint 
the knee on the ^ide of the dislocation will 
be lower than the knee on the normal side 
If a patient with bilateral dislocated hips is 
placed on his back recumbentlj on a table, 
both legs will usually be externally rotated 
only one wall be externally rotated in a 
unilateral dislocation Clinical examination 
in bilateral cases taken before six months of 
age ^ows only that the trochanters are 
above Nelaton s line At this age the capital 
epiphysis does not show, since ossification 
has not begun \ raj after six months of 
age and up to the age of walking in bilateral 
cases will show not onlj the trochanters to 
be high but aLo both capital epiphjses to 
be out of joint Usually there are no sjTnp- 
(oms, no discomfort, and no pain 

GROUP 2 FROM AGE OF WALK- 
ING UP TO THREE ■iE\RS 

Signs and Symptoms It is during this 
age that most of the cases come for diag 
nosis and treatment This is 
true around the medical 
Unit^ States The signs m ti 
very similar to those m 
birth to the age of walkip 
mg difference is that 
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lory, and this brings out a most striking 
sign If one hip is out, when the patient 
walks he has a unilateral waddle gait This 
waddle gait is due to the fact that when the 
patient puts weight on the affected side, the 
head of the femur, having no shelf oxer it, 
rides up on the ilium In addition, m a 
single hip the Trendelenburg is positive 
when the patient stands on the affected 
side In bilateral dislocation, the Trendelen 
burg sign is positive when standing on 


selves for diagnosis and treatment than in 
any other group except Group 2 The «!gns 
in this group are exactlj the same as in 
the group above mentioned except that 
piston mobilit} ma^ not be so marked and 
the waddling gait has a tendencj to de 
crease slightlj The lordosis, ^o marked in 
the bilateral cases as a rule, is more marked 
m this group Occasionally the child will 
complain of fatigue due more to the hmp 
Complaint of pain is rare 
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Fig 104 Double congenital dislocation of hips m a child under three Note marked 
lordosis and double fold in each thigh 

Fjo 105 Bilateral unreduced congenital dislocation of hips Pholographsbows prominence 
of abdomen and extreme lordosis 

Fic 106 Child m plaster after left hip has been reduced Note plaster on right goes only 
to knee 

Fic 107 Posterior view of unilateral dislocated hip in plaster This is a right congenital 
dislocated hip 


either leg In the bilateral cases, there is 
very definite increase in the lumbar lordosis 
X ray m this group will show the trochanter 
high and the capital epiphysis out of the 
acetabulum This picture is the same on 
both sides if both are dislocated There 
are usually no symptoms in this group, but 
many signs (Figs 104, 105, 106, 107, lOS, 
109, no, 111, 112, 113, and 114) 

GROUP 3 FROM AGE OF THREE 
YEARS UP TO SIX YEARS 
Signs and Symptoms (Fig 115) In 
this group more patients present them 


GROUP 4 FROM SIX YEARS ON 

Signs and Symptoms As above men 
tioned, this group includes individuals with 
one or both hips out of joint at birth who 
have reached the age of six and bejond this 
age, where no effort his been made to re 
duce the hip or hips Such a group presents 
a problem far more difficult than Groups 1, 
2, or 3 Changes have taken place in the 
acetabulum, the head and neck of the 
femur, and the ligimentum teres, as well as 
the capsule of the hip joint In all likelihood 
the ligamentum teres will have elongated 
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The capsule will constrict in its middle and ti\e in both unilateral and bilateral dis 
produce an hourglass appearance The capi locaUons Piston mobility is present but 
tal epiphjsis of the femur, after years of likely to be Ie«s than it is in Groups I, 2, 
undergoing abnormal mechanical pliysi and 3 When this age group is reached, the 
ology, becomes distorted It becomes e\i multiplicity of folds in the buttocks may, 
dent with the abo\e difficulties, both phy<5i to a certain e-rtent, have disappeared or be 
ologic and pathologic, that reduction of a not noticeable (Fig IIS) In boUi um 


Fig 108 



Fio 109 Fic no lie 111 lie 112 tiG Its 


Fic 108 Front view of child under age three who has had both hips reduced and is in 
plaster The piaster in front could be cut much toner 

Fic 109 Back view of child under age three who has had both hips reduced and is 
now in plaster 

Fic 110 Child in Group 2 Bilateral congenitallj dislocated hips Reduced before age 
three Picture shows that there is no Trendelenburg Same patient had a positive Tren 
delenburg sign when standing on right leg 

Fig 111 Same patient as m Fig 110 Child with bilateral congenital dislocation of 
hips who was under age three at time ol reduction Patient still shows left Trendelenburg 
due to continued weakness of gluteus medius This Trendelenburg sign will disappear if 
proper development of hip muscles is accomplished 

Fig 112 Front v^ew of child in Group 2 Bilateral congenitally dislocated hips reduced 
before age three Result excellent 

Fig 113 Same child as in Figs llOandlll Back view of child m Group 2 Bilateral 
congenital dislocation of hips r^uced before the child was aged three Result excellent 

single or double congenital di«location will lateral and bilateral dislocations, the greater 
be difficult and will bkel> prove to be »m trochanter or trochanters will be above 
possible, but if possible, function will be Nelatons line In Group 4 the lordosis will 
impaired The signs in Group 4 vary to a m most cases be more marked than in 
certain extent from Groups 1, 2, and 3 In Groups 1, 2, and 3 
Group 4, whether one or both hips are out, la Group 4 the sj-mptoms are often vcr> 
there is always a limp which is charactens important In this group fatigue is often 
tic The Trendelenburg sign is alwajs posi complained of, as well as pam Fain and 
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fatigue m this group increase the older the 
patient gets It is not to be inferred that 
pam and fatigue are present in all cases in 
this group 


TREATMENT 

In Groups 1, 2, and 3 an effort to reduce 
the hip or hips should always be made If 
the reduction is a success, the hip or hips 
should be put in a plaster spica in a posi- 
tion which is most stable In the majority 
cf cases, the position of maximum stability 
IS one of 90® or more of abduction, with the 
knee flexed at right angles and the knee or 
knees posterior to the plane connecting the 
pubic spine (commonly known as the frog 
position) If both hips are out, both hips 
are included in a double spica in the posi 
tion above described 

Before open reduction is considered, at 
least two attempts at closed reduction 
should be made If reduction is successful, 
and the hip or hips are put m a position of 
maximum stability and alloiied to slay in 
a plaster spica for eight to nine months, and 
if when the patient is taken out of the 
plaster spica and allowed to walk it is found 
that the hip or hips have redislocated, fail 
ure must not be admitted A second attempt 
at reduction should then be made and the 
same postreduction procedure should again 
be followed 

Treatment in Groups 1, 2, and 3 must be 
outlined starling from the first reduction 
and application of the plaster spica to one 
or both hips After six weeks the single or 
double spica ought to be bivalved The 
patient remains in the posterior shell, and 
a competent physiotherapist leaches the 
child to develop the adductor muscles in 
both single and double congenital disloca 
lions The adductor muscles in the reduc- 
tion of the hip or hips have been given a 
‘ terrible beating by the manipulation and 
position and first of all need exceptional at 
tention to bring them back to normal The 
patient with a single or double dislocation 
ought to be encouraged to walk in plaster 


after six weeks The bivalved cast can be 
securely fastened by means of buckles and 
straps Even m a double spica there is no 
reason why the patient should not be en 
couraged to walk It is simply amazing to 
see how soon tliese patients learn to walk 
when tied up in either a single or double 



Fig 114 (Left) Child under age 
three Left hip out Picture shows that 
hip and pelvis on right have dropped — 
a very positive Trendelenburg sign on 
right 

Fig 115 Congenital disloca 

lion of right hip in a child over age three 
but under age six Picture shows un 
usual amount of lordosis for dislocation 
of a single hip, and there is a definite 
left Trendelenburg sign Note in some 
children of this age group that double 
folds in posterior (high have disappeared 

spica Walking, of course, even in plaster, 
tends to restore in part the normal me 
chamcs of the hip joint, and when this is 
restored partially, a gam is made toward 
final success 

After two unsuccessful closed attempts at 
reduction the question arises as to which is 
the best course to follow in order to give the 
patient the best possible function m the 
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dislocated hip or hips Opimon here vanes 
so much that no surgeon at the present Ume 
could possibly give an opinion "which would 
not be subject to criticism First of all, the 
age in these groups (1, 2, 3) has to be taken 
into consideration As far back as the early 
1920 s a Canadian orthopedic '^urgeon. Dr 
Herbert P Galloway* recommended open 
reduction b> means of surgery of every con 
genital dislocation of the hip, whether uni 
lateral or bilateral, just as soon as the 
diagnosis was proven Doctor Galloway was 
sincere in his belief, and presented certain 
facts to support it At the present time, in 
most clmics throughout the world, this view 
pomt IS not accepted 

After two failures to get a satisfactory 
reduction in Groups 1 2, and 3, what pro 
cedure is then to be followed? 

The surgeon must consider every angle 
of each case Such considerations are 
whether the first and second attempts at 
reduction of single or double congenital 
dislocation of the hip are difficult or whether 
they are easj If at the first reduction there 
vvas no difficulty and the head of the femur 
went into the acetabulum with a definite 
click or thud, one would have the right to 
expect with proper after treatment to get an 
excellent result in function If this definite 
click or thud of the head into the acelabu 
lum is not obtained at the first effort at 
reduction the surgeon will probably not get 
tiA cb/iL and. thud, at the seoiod. attempt 
Two such failures usually call for more 
radical procedures The problem is what 
procedure to follow It is now incumbent 
upon tbe surgeon to scrutinize the age of 
Groups 1, 2 and 3 

Group 1 according to most modem con 
siderations, ought to be left alone until the 
patients reach an age mature enough so 
that the capital epiphj-sts of the femur is 
mature enough to undergo a major operative 
procedure It seems to be the consensus 
among orthopedic surgeons that no earl^ 
surgical procedure is indicated in this group 
Of course, there can alwaj-s be an excepUon 


to any rule, but the one above stated should 
seldom be violated WTien it has to be 
Violated in Group 1, it is usually in patients 
who have other congenital deformities in 
connection with hip dislocation, and it is 
very fair to say that the prognosis m ‘^uch 
cases is poor regardless of nhat procedure 
is followed 

In Group 2, frequently designated as tbe 
group ranging from the age of walking up 
to three years, one must reach the con 
elusion that surgical interference at this 
time IS not indicated after two unsuccessful 
closed reductions The above statement will 
be challenged bj manj, but conservatism m 
this group appears to be the opimon of the 
majority of surgeons dealing mth these 
children 

In Group 3, which includes children from 
the age of three to six after two unsuccess 
ful closed reductions, the author will prob- 
ab}> be classified as one who is too con 
servative, but nevertheless it is bis opinion 
that interference surgical!) is still not indi 
cated at this time except m rare instances 
A child between 3 and 6 stiU does not de- 
velop a normal capital femoral epiphysis 
m unilateral cases or a normal femoral 
epiphysis on either side in bilateral cases 
It IS true that many surgeons interested in 
this type of case will contend that to allow 
patients in this group to continue to walk 
with one hip or both out of the acetabulum 
will develop mnre delomuiy of all slnic 
tures than if surgical replacement was done 
They will also contend that when surgery is 
finally done late in this group, reduction is 
very difficult In addition they will hold that 
such difficult surgery causes more damage 
to all structures and results in a muA 
poorer end result than does a much earlier 
resort to reduction by surgery As in all 
suigioal procedures, there has been and 
probably will be, a difference of opinion on 
this score The author, nevertheless, feels 
that cases in Group 3 will have much better 
function and much less pain if they are not 
operated upon at this stage, even though 
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one or two or more attempts at closed re 
duction have failed 

Group 4 This group includes patients 
from the age of six years on who have bad 
no effort made to reduce single or double 
dislocated hips that ha\e been out of joint 
s nee birth It also includes patients from 
SIX jears of age ai d on who have had many 
unsuccessful closed reductions (Figs 116 
117 118) and cases in which open reduction 


congenital dislocation and all attempts have 
been failures The attempts at reduction 
may have been made before the child was 
6 years of age 

StTBDivisiON B (Figs 121 and 122) 
Previous operative procedures have been 
performed 

SuBomsTONC (figs 119 and 120) Those 
cases wherem no treatment whatsoever has 
been attempted 


Tic 116 


Fig ns 


Pig 117 


Fig 116 Same child as m Fig 122 \ ray showing bilateral congenital 
dislocation of hips which were reduced when patient was young and which 
redislocated Parents neglected child for years 
Fig 117 Same patient as in Fig 103 Hips reduced Notice malforma 
tion of head of left femur 

Tig ‘1‘i'b 'Le'it’nipTe6i5’ioc3fte6 iNcftes’noa'iaceta’tni’ium SamepaVieiftas 
in Fig 103 This shows that failure in some cases IS always to be expected 



b> means of surgery has failed in one or 
both hips The surgeon has a difficult prob 
lem if the patient presents single or double 
congenital dislocation past the age of six 
when no attempt has been made at reduc 
tion of one or both hips He can be well 
assured that he must divide Group 4 as 
follows and direct his attention to each 
subdivision 

Subdivision A In this group, from (be 
age of SIX and on one or more attempts 
hive been made to reduce a single or double 


It IS next to impossible to describe all 
the operations to be found m the literature 
designed to meet the emergencies as de- 
scribed in Subdivisions A B, and C, the 
subdivisions of Group 4 Certain procedures 
are available to the surgeon Just what pro- 
cedure to follow has to be decided by the 
individual surgeon depending in part upon 
that surgeons experience Esen though a 
surgeon has had extensive experience, the 
decision in Ibis group is very difficult to 
maLe 
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Fic 120 Fig 122 

Fig 119 \-ni> of child la Group 4 Age 11+ No aliempled teductton Reduclion 
accomplished after hip had been pulled do^ by Roper Anderson \sell leg splint 

Fig 120 \ ray of child in Group 4 Age 11+ four jears after reduction Hip was 
originally pulled down by Roger Anderson well leg traction splint 

Fig 121 \ ray shomng bilateral congenital dislocation of hips which have been 
reduced Shows a bad end result, irregulamy of one femoral head and a disappearance 
of the other 

Fig 122 X ra) of congenital dislocation of left hip which has been reduced Something 
has happened to produce a flat femoral epiphy-sb Note nghl capital femoral hip appears 
to be not normal 
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Treatment m the subdivisions of Group 4 
presents a common problem except m Sub 
division B A and C have had no open opera 
tive procedure Subdivision B has had open 
surgery but no appreciable improvement 
and as a matter of fact may have been 
made much worse Group 4 and its sub 
divisions offer to the surgeon a very bad 
prognosis 

In all probability Subdivision B of Group 
4 has had one two or perhaps more closed 
reductioris before the age of six Following 
these unsuccessful closed reductions an at 
tempt probably has been made at open re 
duction and has failed Perhaps a second 
open reduction has been attempted traction 
m one form or another having been previ 
ously used to pull the hip down with the 
head opposite the acetabulum At this sec 
ond open reduction the operator may have 
decided that the acetabulum was too shallow 
and that a shelf ought to be built on the 
anterior superior and posterior margin of 
the acetabulum He has proceeded to do 
this but the end result is not good Sub 
division B of Group 4 must be considered 
as a group m which to get a good result is 
tremendously difficult if not impossible 
The reasons for this may be varied It may 
be that there have been impossible anatomic 
obstacles from the start or perhaps the 
original judgment of the operator has been 
at fault, or it may be that the after care of 
the patient ti'as not adequately or satis 
factorily carried out After such a bad re 
suit It IS often easier to determine the cause 
than It was at the beginning for it will be 
found that hindsight is better than fore 
thought in most instances 
SubdiMSion A of Group 4 presents a diffi 
cult problem Closed reduction has been 
made one or more times with failure At 
tempts ha\e been made before the child 
was SIX but if the hip or hips are out of the 
acetabulum after six the patient automati 
call> falls into Group 4 Subdivision A 
Treatment in Group 4 Subdivision A can 
be outlined as follows 
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1 It maj be considered u-ieless to attempt 
another closed reduction 

2 Traction of anj recognized tjpe r 
be used to bring the hip down opp te tl 
acetabulum \\ hen this is accompl he I n 
attempt at open reduction may b t [e 
Experience has demonstrated that a 
geon should never attempt a simulianeou 
open reduction of bilateral congen tal i 
located hips Shock and loss of the pat ent 
quite likely will result One side at a t n e 
should be done 

3 Traction may be used to get the hea 1 
opposite the acetabulum followed b> open 
reduction plus the building of a shelf over 
the anterior superior and posterior marg ns 
of the acetabulum Only one hip at a time 
should be done 

4 Fusion of one or both hips in correct 
position Certainly both hips ought never to 
be fused However the author bclie\es that 
if all procedures have been a failure m a 
single congenital dislocated hip and the 
patient has marked limitation of motion 
and constant pain a fusion of the hip in a 
corrected position is the procedure of choice 

TREATMENT IN SUBDIVTSION C No treat 

ment whatsoever has been given or at 
tempted m this group Much consideration 
and thought has to be u^ed in deciding on 
what to do in these cases The possible pro 
cedures in treatment are numerous Before 
mentioning them all it seems well worth 
wJwJe to speak of the IrealJnent that was 
used during and possibly before the time of 
Bradford Lovett and Soutter Bradford 
and also FilzSimmons a much jounger 
man than Bradford both devised very 
powerful and complicated instruments for 
the reduction of the congenital dislocated 
hip They both accomplished reduction of 
many hips m this group The report of 
Soutter and Lovett referred to above un 
doubtedly contained cases of this group 
reduced by these machines but whether the 
bad results reported by them were related 
to the forceful machine reduction cannot be 
determined 
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Fig 123 Tic 125 



Fig 124 Fic 126 


Fig 123 Denuce method of reduction first procedure Massaging adductors of left 
teg to obtain relaxation Assistant holds peKis doint on right 
Fig 124 Denuce method of reduction second procedure Forang left knee toward 
right axilla Assistant steadies pelvis 

Fig 125 Denuce method of reduction third procedure Forcing knee to table, pushing 
down with right hand on knee, and left hand under greater trochanter pushing up 
Fic 126 Denuce method of reduction fourth procedure By pushing dovin on left 
knee with right hand and pushing up with hand on trochanter and by means of circum 
duction, hip IS pushed over rim of acetabulum into socket 
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The following methods of treatment are 
at our command m treating cases in Sub 
division C 

1 No effort is made at reduction either 
closed or open There is no doubt that the 
majority of orthopedic surgeons m the 
United Slates and Canada would call such 
a decision ridiculous and the surgeon mak 
mg such a decision would be classified as a 
defeatist Regardless of this fact there are 
certain cases m this subdivision which will 
be much more happy and comfortable 
throughout life if the hip or hips are allowed 
to stay out of joint The decision in this 
kind of case ovght not to be xaade by one 
who has not had a large experience m treat 
ing congenital dislocations of one or both 
hips It IS the opinion of the author that m 
the case of a patient m this subdivision 
over 12 years of age no effort should be 
made by any method to reduce a single or 
double congenital dislocation of the hip or 
hips 

2 Another form of treatment consists of 
putting the dislocated hip or hips in trac 
tion One may use any form of traction 
which has enough force to actually bring 
the capital femoral epiphysis to a level with 
the acetabulum If the traction as chosen by 
the surgeon accomplishes the above result 
open reduction can then be attempted If 
often reduction is accomplished and the 
correct after treatment is followed but it 
IS found that the result is a failure what 
next? A second open reduction after trac 
tion IS not advisable 

3 Effective traction to pull down the 
capital femoral epiphysis or ep phjses is in 
stunted and if the desired result is ob 
tamed open reduction is done and a shelf 
IS built over the anterior posterior, and 
superior portions of the acetabulum It 
Stands to reason that such an operation 
should never be performed on both hips at 
the same time 

4 In the case of a single dislocation 
tthere the efforts de«cribe(l under 2 and 3 
ha\e failed fusion of the hip seems worth 


consideration Fusion of a single hip after 
It has been brought do\vn by traction and 
openly reduced ought to be considered in 
those cases winch limp have limitation of 
motion and— much more important con 



nc 127 (Left) Girl with excellent 
Contour of body Left hip originally out 
Hip reduced 'everal j ears ago 

Iro 128 Trendelenburg neg 

ative 

stant pain during locomotion Both hips are 
never to be fused This js a positive state 
ment though such a posUiv e statement ma> 
often be a mistake 

No effort will be made to describe all the 
methods of closed reduction of the con 
genitally dislocated hip Instead a single 
reliable meiho 1 will be presented 
There is a method for the closed reduction 
of hip or hips dislocated at birth which if 
understood and executed correcllj will be 
suffcicnl in all cases amenable to closed 
reduction This method is that known as the 
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Denuce method There seems to be no need 
of mentioning other methods 

The following quotation is from an article 
on the Denuce technjc by the late Dr Z B 
Adams, of Boston® 

The reductions are all done manually by 
Professor Denuce s \ery ingenious method It 
IS not very unlike the method of Dr John 
Ridlon but it IS not the same as the reduction 
IS preceded by a manual stretching of the 
adductor muscles and of this Dr Ridlon does 
not approve 

This stretching [Tig 123] is done by gentle 
stroking of the adductors with the soft pari 
of the palm of the operator s hand — begin 
ntng at the pelvis and stroking doimward m 
the longitudinal axis of the thigh the skin 
having been covered with powder I may say 
here that m Professor Denuce s reduction and 
treatment he Jays great stress upon the point 
that no violence or force is to be used As the 
adductors are stretched the thigh is brought 
up to right angle llexion and full abduction 
Having stretched the adductors so that the 
thigh will he upon the table at right angles 
with the trunk — the patient in the decubitus 
position — the attempt at reduction is then 
made [Fig 124] This is done by the operator 
standing on the side of the patient on which 
IS the dislocated hip to be reduced the thigh 
is Hexed on (he trunk the knee being earned 
across in the direction of the axilla of the 
opposite side and the thigh firmly pressed 
do\vn on the anterior body wall The knee is 
held m this position a slight push bemg made 
in the longitudinal axis of the thigh The 
fingers of the operator s other hand are placed 
under and around the head neck and tro 
chanter hlling up and pressing the muscles 
m between the head and side of the pelvis 
then circumduction is begun (pig 12SJ The 
knee is carried across the body trunk to its 
o^vn side and then downward to the surface 
of the table and then abducted — all of (his 
time the fingers behind the head arc held 
firmly in place and lifting the circumduction 


is slowly continued until the thigh is brought 
to a right angle with the bod> trunk and 
lying on the surface of the table the a^s slant 
holding do\vn the opposite «ide of the pelvis 
by a hand over the crest and anterior <^pine 
ir^ 126] The head is felt to slowly come 
forward and lodge m (he acetabulum As 
some of the doctors have suggested it oozes 
in At limes the shock is verj slight 
[Two types of operative reduction for the 
congenitally dislocated hip are m common 
use 

(1) The Galloway type 

(2) The Colonna or Hey Groves type 
I The Galloway type a The approach 

IS via the Smith Petersen type of inasion 
(Figs 129, 130 131) 
b The capsule is stripped from the ilium 
and IS incited longitudinally over the head 
of the femur (Fig 131) 
c The index finger is introduced through 
the capsular opening and the constricted 
portion of the capsule and llie acetabulum 
located mesially (Fig 132) 
d A blunt pointed bistoury is passed 
along this finger, and the constriction in 
cised until the acetabulum is exposed (Fig 
133) 

e The acetabulum is cleared of fibrous 
tissue and fibrocartilage the articuhr car 
tilage of the acetabulum being left intact 
(Fig 134) 

f Reduction is accomplished by leverage 
with a blunt skid or blunt curved chisel 
(Fig 135) 

g The capsule is left open and the wound 
closed m layers 

Kidner has varied this technic fay an 
ovrerlap suturing of the opening made in the 
capsule in an attempt to add stability to 
the reduction 


Tig 129 Smith Petersen approach skm incision 

Tic 130 Smith Petersen approach subperiosteal exposure Gluteus medius and ten'or 
retracted backward and rectus and sartonus drawn forward 
Pio 131 Capsule dissected free and incised 
I-ic 132 Finger exploration of capsofe for constriction 
Fig 133 Incisionofconstrictionalongexplonngfinger 
Fjo. 134 Reaming of fibrous tissue and fibrocartilage from acetabulum 
Fig 135 Skidding head Into acetabulum 
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Hej Groves has de\ised a %’anaUon in 
which the longitudinal capsular incision is 
sutured horizontal!) to shorten it, and a nail 
IS hammered through the trochanter into 
the acetabular rim abo\e the reduced head 
It IS long enough to protrude through the 
operative wound and is incorporated in a 
plaster spica and then at a later date pulled 
out through the plaster when stabilit> seems 
assured 

2 The Colonna or Hey Groves type 
a The approach is by an inasion starting 

4 or 5 cm posterior to the anterior superior 
iliac spine, passing domiward and bad. 
ward to cross the outer aspect of the femur 

5 to 6 cm below the upper end of the 
greater trochanter This passes behind the 
tensor fasciae femons and is in e««ence like 
the ^o-called Watson Jones incision <Fig 
136) The gluteus and greater trochanter he 
behind and the tensor fasciae femons rec 
tus femons and sartonus are in front 

b The greater trochanter with Its abduc 
tor attachments is visualized and the tro' 
chanter is sectioned from below upward and 
turned up (Fig 137) 
c The capsule is dissected free and in 
cised across its constricted portion above 
the head The open end is then dosed 
over the head bj interrupted sutures (see 
Fig 138) 

d If the rectus femons is unduly con 
traded it is lengthened by a sliding hon 
zontal tenoplast) 

e The acetabulum is cleared of fibrous 
tissue and fibrocartilage preserving the ar 
ticular cartilage (If it has been impossible 
to get the femoral bead down to the ace- 
tabular level a new acetabulum is reamed 
out of ilium at the proper level ) 
f The head is reduced with as little 
violent" as po<sible and the trochanter with 
the attached abductors is replaced and held 
by strong sutures (Fig 139) 
g The wound IS closed m lajers 
TheHej Groves operation antedatingtbe 
Colonna, exposes the capsule and frees it 
from all a^esions The capsule is then 


severed at the acetabular nm or just proxi 
mal to the constriction, if present, and the 
opening is closed over the femoral head 
Heavy ligatures are used, and left long after 
tjmg A deep and wide acetabulum is 
created bj reaming the articular cartilage 
being removed if the old acetabulum is 
used The pelvic aspect of the acetabular 
floor IS exposed b) subperiosteal stripping 
and retraction of the iliacus muscle, and a 
hole drilled through the acetabular floor 
The ends of the ligatures closing the cap«!ule 
about the femoral head are passed through 
this hole and pulle<l tight into the pelvis 
as the head is introduced into the new ace 
tabulum The) are then passed through 
and sutured to the adjacent soft parts This 
serv« to stabilize the joint until the capsu 
lat covering of the head becomes adherent 
to the ran acetabular surface («ee Fig 140 
P 117) 

Arm TRZAiMisT After an) of these 
methods of open reduction, except the 
Colonna plaster-spica immobilization in 
about 30 to 40° of abduction and in good 
internal rotation is indicated for about eight 
weeks The <ptca ma) then be bivahed, and 
intermittent exercise slowly and progres- 
sively instituted with weight bearing m ab 
duction in the buckled on spica started 
shortly thereafter 

Colonna advises the spica for only four 
weeks following which it is removed and 
the hip suspended in abduction Tlie fre- 
quent exercise of guarded function is in 
sUluted at this tune 

After none of these operations is unsup- 
ported weightbearing allowed before the 
end of three months from the time of oper 
ation 

All of these operations entail the u«e of 
traction as a prelimmar) in some form with 
or without tenofom) of the adductors, to get 
the head down to or near the acetabular 
level The usual time is about three weeks 
It may be accomplished sooner, or may take 
longer Traction should be emplo)ed until 
the time when one is certain that no further 
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lowering of the femoral head can be accom 
plished b> It 

The Shelf Operation The technic for 
this stabilizing procedure, of \alue ^hen the 
head cannot be brought down to the ace 
tabular level or when the acetabulum can 
not be sufficientlj deepened is de«cribed in 
the chapters on anterior poliomvelitii, and 
arthritis Chapters 7 and la It «!hould be 
emplo>ed onli after preliminary traction as 
m the open reduction 

Anieversion and Its Correction Cor 
rection of anteversion in children under 
three is rarely indicated except m the most 
extreme cases In later years it is more 
marked and more frequentlj has to be 
treated 

Treatment -Vfter one to three months 
immobilization in a plaster spica in the in 
ternal rotation position a supracondjlar 
osteotomy of the femur is done nhile the 
thigh IS held internally rotated The leg and 
the femoral condyles are then rotated to the 
neutral position and the plaster spica is 
reapplied Eight weeks postosteotomy im 
mobilization is required for union — ^ ] 
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Acquired and Static Deformities 
of Lower Extremities 

Erfil D W Hauser, M D 


GEJsU VALGUM 

pROPKVtACnC Treatsiekt 
Functional Decompensation The pnn 
Dp'll prophylactic measures consist of rec 
ogniUon and prevention of causative fac 
tors Genu valgum often is seen m normal 
children when they first start to walk, in 
which case it is a static deformity due to 
a functional decompensation Dy functional 
decompensation is meant an imbilance be 
tween the cnpacit) of the structures to do 
their work and the work demanded of the 
structures In these young children the 
structures have not been developed suf 
ficiently to carry out their normal weight 
bearing With use strength is increased 
gradually and a spontaneous correction of 
the deformity occurs The development of 
the child will vary with the individual I 
have found that if full correction of the 
valgus at the knee and ankle has not oc 
curred by the time the child is five years of 
age, it IS well to consider it an abnormality 
which requires some correction In these 
c'lscs the genu valgum is associated With a 
pes valgoplanus which is an expression of 
a functional decompensation of the foot 
(Fig 141) Genu valgum also is associated 
with an external rotation of the leg so that 
the foot turns out There is a definite valgus 
of the heel The calcaneus js everted at the 
subastragaloid articulation Poor posture 


also IS an expression of decompensation and 
cases of static deformities of the knee are 
associated with poor posture (Fig 142) 
Rickets The most severe genu valgum is 
due to rickets The treatment of rickets 
does not come within the scope of this 
chapter which is confined to static de 
formilies Many static deformities how 
ever, may have a rachitic element and for 
this reason it is always well to carry 
out antirachitic measures Codliver oil or 
haliver oil as well as calcium should be 
prescribed The child should have a normal 
diet for his age Afuscle tone cm be im 
proved by means of massage Active cxer 
ciscs are encouraged The child should be 
exposed gradually to sunshine Muscle tone 
also IS improved from stimulation of the 
skin by the air blowing on the exposed ex 
tremities, as well as by swimming 

Factors in Static Genu Valgum In the 
static genu valgum the imbalance, as al 
ready pointed out, is between the capacity 
and the demand so that the treatment 
against the etiologic factors would be any 
thing to decrease the load and everything 
to increase the strength To decrease the 
load would mem reduction of weight and 
particuhrly elimination of prolonged stand 
mg Fortunately in small children this is 
taken care of instinctively, because a child 
normally will rest as soon as fatigued Am 
bilious parents who urge their children to 
119 
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walk before they are ready, or encourage 
them to walk longer than they should, 
cause a strain or an increase of the load 
with resulting static deformity Occasion- 
ally small children, particularly those who 
are high-strung, are stimulated by eadting 
play to carrj’ weight-bearing bejond the 
point of fatigue, and this may be a factor 
in causing genu Nalgum Decrease in 


Ija\e underdeveloped structures, which pre* 
dispr^e them to a static deformity— in tMs 
case genu \'algum. In adolescence, in addi- 
tion to the factors mentioned, joung people 
sometimes are required to stand on their 
feet longer than normally, particularly 
tfhen they are learning a trade. This addi- 
tional factor in a growing child might be 
sufBdent to bring about a genu \algum. 



Fic. 141 Genu \'algum a&sociated with pes >'algopbnus — an expre^ion of functional 
decompensation of foot. 

Fig 142 Genu \'alguni associated with poor posture. 


strength as seen in children while thej are 
learning to walk is due to an insufnaeni 
de\'e!opment of structures This may occur 
at other periods of growth Growth periods 
are sporadic in children, and these rapid 
grow^ periods result in an insuffiaent de- 
'.elopment of structures as compared with 
the increased amount of work demanded of 
them. Normal children who ha\e had a 
se\ere illness with prolonged bed-rest will 


Genu valgum sometimes appears in adults 
I ha\e seen it de\elop after pregnanc>', in 
which cases excessive weight was a factor. 

The prophylactic measures would, of 
necessity*, take into consideration these 
factors. In the case of a child who is learn- 
ing to walk, the instinct of the child is a 
better guide than the parent or the phy- 
sician To prepare for walking, most chil- 
dren go through a stage of crewing. The 
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length of time required to gain strength 
and balance varies with each child, and no 
artificial aids should be used to hurry the 
process With use, strength is increased 
gradually and spontaneous correction of the 
deformity occurs 

High strung children should have very 
definite rest periods preferably one m the 
middle of the morning and one in the mid 
die of the afternoon In cases of children 
who are recovering from illness it is better 
to have more rest periods They could start 
with a half hour rest period every two 
hours and later have four rest periods a 
day As the fatigue disappears the day 
could be divided in half by having one rest 
period in the middle of the day The ado 
lescent child who is learning a trade should 
have periodic rests definitely established 
for him A rest period at lunchtime, 20 
minutes in the morning and again m the 
afternoon, would m most cases be adequate 
to prevent the development of a static de 
formity 

During pregnancj it is important not to 
allow the patient to gam excessive weight 
The increased weight of the child should 
be taken into consideration, but obstetri 
Clans feel that weight be>ond normal is 
neither advantageous nor necessary Pen 
odic rests should be carried out during 
pregnancj This means avoiding long naps 
in the afternoon but rather taking rests 
of 20 minutes to not more than a half 
hour several times a day, as may be neces 
sary for the individual Between rest pen 
odi It is advisable that the pregnant woman 
carry out a certain amount of exercise, and 
walking IS a practical and valuable exercise 
when done correctly 

Corrective Mensubfs 

If the valgus is present after the age of 
five, correction is indicated In these coses 
correction of the valgus of the heel will in 
fluence the valgus at the knee suffiaentlj 
to gam full correction The valgus at the 
heel IS corrected by raising the inner side 


of the heel of the shoe, as will be seen m 
the treatment of pes valgoplanus It is my 
practice to correct the valgus at the knee 
even though the child is younger than five 
Simple prophylactic measures which will 
insure correct growth and not interfere m 
any way with function should not be de 
nied 

Manual Manipulation Some influence 
in growth can be obtained bj molding of 



Fig t43 Genu valgum (A) Before 
wearing corrective shoes, (B) correction 
of genu valgum (C) standing in correc- 
tive shoes 

the limbs The patient may be seated on 
a chair or examination table with the knee 
fully extended With one hand clasping the 
knee so that the palm is on the inner side 
and the other hand placed on the outer 
side of the ankle, the knee is gently straight 
cned, using the palm of the hand as a 
fulcrum Force is exerted for a few mm 
utes and then released These movements 
are repeated five or six times at each treat- 
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ment and the treatment can be carried out Corrective Braces Braces ha\e been 


two or three times a daj Gradually the 
child will tolerate greater force but at no 
time should there be force exerted to the 
point of pain This manipulatne type of 
treatment can be taught to the nurse and 
to the parents In addition to its inSuence 
on growth the molding has a good psjcho 
logic effect on the parents in that they 
are pleased to be contributing toward the 
correction 

Corrective Exercise An excellent ex 
ercise for correction b 3 means of acme 
force IS walking on the lateral border of 
the foot clawing the toes with each step 
While washing or dressing or e\en standing 
at work th" foot can be brought into the 
imerted position and the toes contracted 
as a correctn e exercise 

Altered Statics with Corrective Shoes 
The principal treatment consists of im 
proving the mechanics bj changing the 
weightbearing All static genu valgum is 
associated with a valgus at the heel and 
a pronation of the foot with a flattening 
of the longitudinal arch D> bringing the 
heel into varus and keeping the anterior 
part of the foot m normal position the line 
of weight IS brought through the medial 
side of the knee Further correction is 
exerted when the muscles are u«ed to hold 
the optimum position of posture This has 
a tendencj to increase the tone of all the 
muscles of the lower extremities The im 
proved weight bearing and improved mus 
cle tone as well as the re establishment of 
normal action of the muscles influence the 
growth of the bones according to Wolfis 
law (Fig 143) Since there is greater de- 
mand on the medial side of the knee and less 
on the lateral the bones grow «;traight and 
the genu valgum disappears Further correc 
tion can be obtained b> exercises and games 
which tend toward overcorrection of the 
valgus position of the knee Small children 
miv sit on a keg or on a wide hobbjhor^e 
or they can ride a tncjde or bicvde or 
ride horseback 


prescribed for correction In the past, at 
tempts have been made at correction of 
the genu valgum deformity bv means of 
night splints and braces WTien the knee 
IS flexed direct pressure cannot be exerted 
to correct the deformity , therefore to ob 
tain a continuous exertion of force it is 
necessarv to use a stiff knee brace Accord 
ing to Jordan to obtain the maximum 
amount of leverage it is best to use a bar 
that reaches from the greater trochanter 
to the lateral malleolus An external longi 
tudmal steel bar is used as the correcting 
force The bar follows the contour of the 
lateral aspect of the leg closely fitted to 
the lower leg m its distal and middle thirds 
and (hen it gams some distance from the 
leg by bridging over the knee m order to 
allow space for the correction of the knock 
knee It regains contact m the proximal 
half of the thigh The extremity is held 
to the longitudinal bar by means of a foot 
sandal with lacing a calf band a thigh 
band and a pelvic band The opposing force 
at the knee joint i» introduce by means 
of a knee cap with a pressure pad over the 
internal condyle of the femur which pulls 
the knee toward the lateral longitudinal 
bar An elastic material can be used for the 
knee cap This gives an active force The 
circular bands which hold the lower leg 
and (high must be pulled in such a way that 
they hold the leg in extension The brace 
consists of a duralumin band which is 
nnde on a plaster model Such a brace will 
influence growth m a correct manner, but 
to be elTeclive the method of treatment 
offers so many difficulties and so much 
discomfort that it is much better to carry 
out a simple osteotomy Occasionally it la 
necessary to delay the surgery during 
whidi period a form fitting brace is worn 
to prevent the genu valgum from mcreising 

SintciCAL Treatment 
A supracondvlar osteotomy is done The 
contour of the bone usually can be felt and 
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the site of operation selected solely by pal 
pation, but it is advisable to have x rays 
which are an additional guide 
I prefer the lateral approach (Fig 144) 
In this a small longitudinal incision is made 
through the skm, a sharp osteotome is m 



osteotomy 

serted through the incision and forced 
through the muscle until it comes in contact 
With the bone It is then turned <so that it is 
at a right angle to the shaft of the bone I 
use a Wide osteotome is it is easier to pre 
\cnt injury to soft tissues The choice of 
osteotome will \ar> according to the size 
of the bone to he divided The osteotome 
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IS driven through the bone, partly with 
drawn, and moved from side to side to pre 
vent its becoming lodged It is dmen trans 
versely through the lateral cortex and partly 
through the media! cortex leverage is thei 
placed upon the bone manually so that t 
greenstick fracture occurs The positirn of 
fragments can be checked by x ray 
The limb is then corrected so that it is 
straight and the foot is in the midposition 
with no internal or external rotation Ih s 
can be accomplished by vision alone A cast 
is applied from the toes to above the hip 
Later this cast is removed and a new cast 
IS applied from the ankle to the groin The 
first cast IS worn for three to six weeks 
and the second cast from three to six weeks 
more, depending upon the age of the patient 
and how rapidly union occurs The x ray is 
used to determine the amount of callus and 
union, and weight bearing is allowed after 
four to eight weeks, depending upon the 
firmness of the union (Fig 145) 

The operation also can be done through 
a medial incision A small longitudinal in 
cision IS made on the medial aspect of the 
thigh just above the lower femoral epiphy 
SIS, and a transverse osteotomy is per 
formed If the deformity is severe it is 
safer to pass a pair of curved elevators 
around the lower end of the femur, one on 
each side This requires a longer incision 
about 2 to 3 inches m length The medial 
side of the hone is exposed since tlie ele 
vators act as retractors A small wedge is 
removed from the medial half of the 
cortex A sharp osteotome then is used to 
divide the bone completely Here again the 
wide, sharp osteotome is withdrawn from 
time to time to prevent it from becoming 
wedged The flat elevators prevent injury to 
the soft tissues The extremity then can 
be straightened or if desired, in the ca«e 
of a young child with a possibility of re 
currcnce slight virus position miy be ob- 
tains! The external rotation is corrected 
and the limb is put m the midposition 
neither externally nor intermlly rotated 
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The position is held by a plaster-of pans side The wedge of bone pre%ioiisly re 


cast, which goes over both ankle and hip 
In the case of a severe deformit> a wedge 
IS removed from the antenor medial aspect 


Before 



Fic 145 Genu valgum before and after 
operation 


of the bone This wedge is of sufficient d» 
mensions to penrut complete correction of 
the deformitv After correction of the de 
formitj an inasion is made on the lateral 


moved then is inserted m the gap at the 
lower end of the femur Here also fitation is 
obtained bj means of a plaster-of pans hip 
spica 

Occasionally all of the deformity la in 
the tibia, in which aae the tibia is cor 
reeled This is done bj a simple or wedge 



Fig 146 Genu varum ( \) Simple 
round curve, (B) sharp angulation 


osteotomj of this bone A few rare cases 
have been reported in which the correction 
of the tibia was necessary after correction 
had been made m the supracondjiar area 
In the«e cases the femur should be well 
healed and function re-established before 
the second operation is performed 

GENU VARUM 

Causes Afost severe cases of genu varum 
are due to rickets, but it must be remem 
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bered that even though rickets is the pn 
mary cause, T^eight bearing also plays a 
role, so that rachitic genu varum has a 
static factor Even though the treatment 
of rachitic bowleg is the subject of an 
other chapter, there is a static factor, so 
that the treatment would include not only 
antirachitic measures but in some cases 
operative correction of the deformity to 
improve the static condition or to improve 
the weight bearing This would also be true 
for tibia vara Of primary importance would 
be the correction of the deformity by means 
of osteoclasis or osteotomy 

Conservative Treatment 
Manipulation Genu varum develops as 
a result of poor statics, although much less 
frequently than does genu valgum The 
varus condition of the leg usually is asso 
ciated with external rotation of the tibia 
and inversion of the foot (Fig 146) Mild 
degrees of genu varum in children are cor 
reeled spontaneously during subsequent 
growth In these cases (he antirachitic meas 
ures apparently are of definite value even 
though rickets is not demonstrable Manual 
manipulation is of some value To correct 
the right leg the surgeon stands with his 
body against the lateral side of the right 
thigh The right hand grasps the leg at the 
ankle and (he left hand grasps the leg below 
the knee Force is used to bring the leg 
laterallj, with the left thumb used to give 
counterpressure over the head of the tibia 
The force is exerted gradually, no sudden 
movement is made Sufficient force is used 
to bring the structures under tension, but 
not to cause any pain, and the correction 
IS held for half a minute and then released 
This manipulation is repeated three or 
four times, and is continued at home by the 
nurse or the parents 

Corrective Braces Corrective braces 
and night splints, in order to be effective, 
must reach from the ilium to the heel They 
are therefore very cumbersome to near and 
cause great di'Comfort, so that even though 


they have a corrective influence they are 
not practical 

Surgical Correction 
Most cases of genu varum respond to the 
antirachitic measures if ihej are seen earlj 
enough The late cases or the severe cases 
particularly those m which there is sharp 
angulation require surgical correction In 
young children, where the deformity is se 
vere, osteoclasis may be carried out 5Ian 
ual fracture of the soft bones under an 


Fic 147 (ic/0 Genu varum with 
sharp angulation, showing site of opera 
tioo 

Fig 148 (Right) Genu varum sim 
pie round curve, showing site of opera 
tion 

esthesia is possible A greenstick fracture 
occurs and the limb is straightened and 
fixed with a cast The cast is applied from 
the toes to above the hip Slight over 
correction may be made and the external 
rotation can be corrected at the same lime 
The cist IS retained for six weeks, after 
which a brace may be used and a night 
^hnt worn for two to four months, de- 
pending upon how rapidly solid union oc 
curs If desired, to avoid the use of the 
brace and night splint, the cast miy be 
nom for a longer period of time After 
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four to SIX weeks the patient is allowed to fractured easilj without splintering The 
walk wearing the cast, for another four correction and alignment then can be made 


to eight weeks Then the cast is rerao\ed 

In those patients where there is a \ery 
sharp angulation in the lower end of the 
tibia an osteotomj is necessarj (Fig 147) 
An inch wide osteotome is inserted through 
a longitudinal incision 1 inch in length It is 
brought down to the tibia at the most con 
vex point and turned to a right angle with 
the shaft The osteotome is driven through 
the tibia until the bone can be easilj frac 
tured The tibia is then brought into normal 
alignment so that the weightbearing line 
goes through from the middle of the knee 
to the middle of the ankle 

In older children the osteotomy always is 
preferred In simple round curve deformity 
the site of the osteotomy is m the middle 
third of the tibia, and in sharp angulation 
It 13 at the height of the convexity (Fig 
148) In most cases a simple osteotomy can 
be earned out Sometimes it is preferable to 
make a longer inasion divide the penos 
teum pass a curved elevator under eadt 
side, and then divide the bone with the 
osteotome This simplifies the procedure to 
some degree and makes it a little 'safer since 
the elevators protect against injury of the 
soft tissues and permit a v isible safe division 
of the bone The periosteum need not be 
closed simple skin closure is sufficient 
Tbe theoretical objection that the separa 
tion of the penosleum from the bone would 
interfere with healing has not proved true 
m practice 

Another method which can be used sue 
cessfuUy according to reports m the liter 
ature is that of Brandes It consists of 
making a simple opening through the skin 
and passing an electric drill through it The 
bone is drilled through and then the dnll 
IS withdrawn Through the same skin open 
ing another hole is drilled through the bone 
at a different angle Thus five or six holes 
are drilled through the bone on the same 
plane, with the result that the bone can be 


The results as reported bj operators who 
have used this method have been good, and 
although I have not used it m>'self, U ap- 
peals to me and seems to have considerable 
merit 

In many cases the varus deformitj is not 
only in the tibia but includes the whole 
lower extremitj, so that after the correction 
of the tibia there is still a bowing which 
must be corrected by an osteotomy of the 
femur This should be done after the tibia 
has healed and walking has been reestab- 
lished A longitudinal incision is made over 
the lower end of the femur, a distance of 
about iVz inches above tbe knee The in 
asion IS earned between tbe muscles to 
the bone, exposing about IK to 2 inches 
of the femur A curved elevator is passed 
around the anterior half In a similar man 
ner a second elevator i* passed around the 
posterior part Tbe handles of the elevators 
are separated in order that they may act 
as retractors to give good exposure The 
osteotomy site then can be diosen A wide 
osteotome is used the width depending 
upon the circumference of the bone ^^llh 
a wide osteotome there is less danger of 
penetrating through soft tissues and the 
elevators act to protect against the osteo- 
tome dividing vessels or nerves The osteo- 
tome IS driven in for a short distance and 
retracted and this is repeated until the 
remaining bone can be easily fractured 
The leg then is straightened and the wound 
dosed A spica cast is applied from the toes 
to include the hip 

Postoperative Treatment The original 
cast may be worn for a period of three to 
SIX weeks at which lime the skin sutures 
are removed and tbe second cast applied 
Gradual weight bearing is started rix weeks 
after the time of operation Tlie cast is 
removed when solid union has occurred as 
seen by x ray This usually takes from 8 to 
12 weeks 
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Adult Genu Varum 
Conservative Treatment Genu varum 
IS also a static deformity that occurs about 
the ages of 40 to 50 It is assoaated 
with a traumatic type of arthritis of the 
knee There is an external rotation of the 
leg, ami a pes valgoplanus, and very fre 
quently there are varicosities Correction of 
the deformity at this period is secondary 
to correction of the decompensation The 
treatment consists of the use of Unna paste 
boots and corrective shoes The re establish 
ment of normal function, increased strength, 
and decrease of weight with improvement 
of the metabolism, will bring about a com 
pensation, both of the muscles and of the 
vessels The correction of the decompensa 
tion, taking into consideration the met 
abolic disturbance as well as the actual 
statics, will give definite improvement, not 
only in relieving the symptoms but also m 
correction of the deformity, which is of 
secondary significance m this case 
Surgical Treatment The bowleg op 
eration m the adult is a serious pro 
cedure Most orthopedic surgeons have 
been consulted by joung women who have 
a relatively small amount of bowing bm 
who are ambitious to succeed on the stage 
or m the cinema and who desire correction 
of the deformity The risk is too great in 
almost every case to justify the procedure 
Disaster has been met by overzealous sur 
geons who have attempted to carrj out this 
correction In one instance the deformity 
was worse than before, m another an in 
fection occurred, in stil! another gangrene 
set m resulting m amputation, and there is 
alwaj’S the danger of nonunion It is my 
opinion that surgical correction of the varus 
deformity m the adult is subject to great 
risk and should not be undertaken unless 
all the possibilities hive been carefully 
considered On!j if this anal 3 'Sib, after due 
consideration presents urgent and pressing 
reasons for the operation can it be held 
justified 


HALLUX VALGUS 
Etiologv 

Hallux valgus is a static deformity and 
an end result of a functional decompensa 
tion of the foot With the decompen«ation 
of the foot there is alnajs a valgus of the 
heel and a pronation in the midtarsal area 
causing a pes valgoplanus as well is i 
spread of the anterior part of the foot or 
pes latus This spread comes about as a 
result of counterpressure from the floor 
against the head of the first metatarsal 
bone The bone is forced upward and out 
ward separating it from the second meta 
tarsal bone, and it also is rotated laterally 
As a result of the displacement of the head 
of the first metatarsal bone, the great toe 
IS displaced laterally, giving rise to the 
hallux valgus 

Propiivlactic Treatment 

The treatment must be based on the me 
diamcal development of this deformity 
Treatment thus is first directed against the 
causes of the functional decompensation of 
the foot, which means that the imbalance 
between the capacity of the foot for doing 
Its work and the work required of it must 
be corrected Excessive weight will require 
a reduction diet Prolonged standing should 
be interrupted with periodic resting Stiff 
shanked shoes and arch supports which 
cause disuse and weakening of structures 
should be discarded High heels with small 
weight bearing surfaces which force exces 
sive strain on the anterior part of the foot 
should be discontinued or limited Pointed 
shoes, which are a direct influence in bring 
jng about the haJIux valgus deformit>, are 
rejected 

In addition to the removal of the causes 
correction of the deformity will be neces 
sarj Conservative measures would consist 
of bringing the heel into varus and the an 
tenor part of the foot into refalive prona 
tjon, that IS, forcing the head of the first 
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metatarsal bone downward and toward the 
second metatarsal bone This is accom 
plished bj ha\iDg a shoe with a «ole that 
15 pliable and at the same time strong 
enough to protect the foot against hard 
walJjng surfaces The heel of the shoe is 
raised on the inner side to bring about a 
varus position of the foot To re-establish 
the anterior part of the foot a comma 
shaped transver«e bar is placed on the out 
side of the shoe, immediately behind the 
heads of the metatarsal bones Since the 
head of the fifth metatarsal bone is weight 
bearing and relatively lower than the sec 
ond third, and fourth the bar end> under 
the fourth metatarsal bone The heads of 
the fourth, third, and <econd metatarsal 
bones should be relatively higher than the 
first and fifth To bring about this relative 
pronation of the anterior part of the foot, 
an inclined plane directed in the opposite 
direction from that on the heel is applied 
in the comma shaped bar on the outside of 
the shoe The bar is raised inch higher 
on the outer side than on the inner side, thus 
forang the anterior part of the foot into 
pronation and bringing about a normal 
position of the head of the first metatarsal 
bone ^\llh the re-estabhshment of normal 
position of the bead of the first metatarsal 
bone the great toe tends to return to normal 
alignment and correction of the hallux 
valgus IS obtained 

In. casei nt children and in nuld cases m 
the adult, correction of the defoimitj can 
be accomplished by this treatment In severe 
cases where the contracture is fixed and the 
projecting metatarsal head has been irn 
lal^ to the point where exoslO'CS are pres 
ent, surgery is required 

Cosssa,\ATr.x ScncicvL Tse.vtu;znt 

Hausers Technic. My operation con 
sists of a cuned inasion dorsal to the 
callus The shm is reflected and the bursa 
dissected and removed (Fig 149) The ab- 
ductor halluas is identified m its displaced 
plantar position and the tendon is freed 


The insertion is divided euid the muscle is 
retracted medially Then an inasion inch 
m length u made on the dorsum of the foot, 
starting at the interphalangeal space, be 
tween the first and second toes The adduc 
tor hallucis is identified and brought mto 
view with a curved forceps The insertion 
then ts divided The contracted lateral side 
of the capsule likewise is divided The 
great toe is brought over into a v’anis post 
tion The projection of bone that remains 
at the medial side of the head of the first 
metatarsal is removed The dorsal and 
plantar margins are rounded oR with a 
curved chisel The medial capsule then is 
shortened to hold the toe in the v’arus posi 
tion Next, the abductor hallucis is trans 
planted dorsally and attached to the base 
of the first phalanx This holds the toe in 
slight varus position without any external 
support With the closure of the skm the 
operation is completed (Fig 150) 

It has been my practice never to carry 
out this reconstruction operation without 
first attomplishing some correction of the 
functional decompensation and the pes 
valgoplanua by means of the corrective 
<hoes Corrective shoes also are worn after 
the operation They need not be worn at all 
times Depending upon the foot and the 
type of work in which the indiv idual is en 
gaged the shoes are worn from two to eight 
hours a day In the case of women street 
and- dre^ shnei be. worn, w hea 
the occasion requires The lyT>e of street 
shoe worn is shown in Fig 151 With 
men the problem is very much simplified 
because both street shoes and dre^s shoes 
ate ra,tis[aclory Since using my consetva 
tive treatment the percentage of feet in 
which surgery is required has become v ery 
small I have utilized this operation over a 
period of ten years with excellent results 
Id one case I used silk and the silk suture 
sloughed out but the tendon attachment 
held Since then I hav e gone back to chromic 
calgut and slay sutures In one of the first 
cases msuffiaent correction was taken, as it 
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Fig, 149. Author’s operation for hallux valgus: (A) Hallux valgus with bursitis, 
(B) incision and removal of bursa. (C) identification of abductor hallucis, doited line 
indicating point of divbion at its insertion, (D) division of adductor hallucis through 
second incision, (E) removal of bone nith osteotome — ^su/fident bone is removed to 
permit toe to be brought into varus, (F) closure of capsule and transplantation of 
abductor hallucis. (Courtesy, Hauser, Emil D. TV.: Diseases of the Foot, Philadelphia, 
W. B. Saunders Co.) 
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Fic 150 Hallux «lgU3 {lop) before and {bollom) after operation 



HALLUX 

was rather startling to bring the great toe 
into extreme abduction, but this position 
gave an excellent result In one case the 
contracture was so severe that after the cor 
rection there was a subluxation at the meta 
tarsophalangeal articulation Since this gave 
some limitation of motion and slight pain 
with dress shoes, the base of the first 
phalanx of the great toe was resected and 
an excellent result was obtained In two 
cases stitcli abscesses occurred, but the in 
fection cleared up and the results were ex 
cellent Advantages of the operation m ad 
dition to the fact that it is logical and a 
definite reconstruction type of (^ration 
are that it is less painful after the surgery 
the convalescent period is short, the foot as 
a whole is greatly improved and the results 
are uniformly good The chief drawback is 
Its demand for exact technic 
McBride s Technic Another type of op 
eration is that described by JIcBnde The 
mcjsion 15 begun proximal to the inter 
phalangeal joint of the great toe, along the 
lateral border of the extensor hallucts longus 
tendon and is extended to a point 1 inch 
proximal to the metatarsophalangeal joint 
The dissection is earned deep into the 
lateral side of the joint The adductor 
hallucis tendon is isolated and detached at 
its insertion to the base of the first phalanx 
nnd the capsule of the joint opened on the 
lateral side The lateral sesamoid bone next 
IS dissected out of its bed in the adductor 
and flexor hallucis tendon The medial skm 
ilap IS raised and retracted medially to- 
gether with the extensor hallucis tendon, 
thereby exposing the exostosis on (he media] 
side of the metatarsal head The distal end 
of the first metatarsal then is approximated 
to the second metatarsal The adductor 
hallucis tendon is attached to the lateral 
side of the first metatarsal at its neck bj 
means of a suture in the soft tissue and 
periosteum at that point The soft tissue in 
this region is fragile and fixation of the 
tendon frequently is inadequate, m this 
event a hole is drilled through the neck of 
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the first metatarsal and the tendon is 
Sutured in place with chromic catgut The 
medial capsule is sutured and ‘shortened to 
maintain overcorrection of the toe After 
two weeks motion is encouraged Good re 
Suits have been reported after the use of 
this method 

Lapidus Technic Since the first meta 
tarsal is dorsiflexed and displaced lateralK 
away from the second metatarsal various 
types of operation have been conceived in 
which an osteotomy is done of the first 
metatarsal bringing it down as well as m 
vvartl, in closer relationship with the second 
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metatarsal bone The osteotomy was done 
near the head by Hohman and others have 
done it near the base Lapidus operates 
near the base on the medial side and obtains 
a fusion at the cuneiform at the same time 
making a correction of the deformitj at the 
metatamophalangeal articulation 
Peabody Technic Peabody has a similar 
technic, but he removes the wedge closer 
to the head of the metatarsal bone and also 
excises the medial side of this bone He 
places two small drill holes on each "ide 
of the osteoiom) wedge which is to be re 
moved Chromic catgut is passed through 
the«e drill holes to fix the position of the 
Overcorrected metatarsal bone 

Kellers Technic The phalanx is dis 
articulated, and with a Gigli saw a portion 
of the base of the phalanx is removed, al 
lowing the distal portion to be placed m an 
Overcorrected position medially without im 
pinging on the head of the first metatarsal 
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bone The exostosis is remo\ed m a plane 
extending obliquely upward and outward in 
order to pre<;er\e the weight bearing surface 
of the head of the metatarsal hone The 
remains of the periosteum and the capsule 
and other soft tissues are brought o\erthe 
shortened phalanx bj a figure S suture 
Figure 8 sutures are used to bring the sub 
cutaneous structures into apposition (The 
success of the Keller procedure depends in 
large part on the amount of bone remoted 
At least the proximal third, or, where there 
has been hallux rigidus the proximal half, 
of the proximal phalanx should be removed 
subpenosteally The temporarily flail toe 
postoperatnely stabilizes in a short time 
Postoperative hallux rigidus is not to be 
feared after this operation Postoperative 
tension and pain are minimal —Ed ] 
Another form of operation is the simple 
removal of the inflamed bursa since this 
will give s>mptomatic relief for some lime 
in a relativel} mild tvpe of hallux valgus 
with bursitis but it does nothing to correct 
the deformit) nor the underlying cause of 
the deformity The simple removal of the 
projecting part of the bone also will give 
some temporary relief and usually is of 
value only in cases that could be corrected 
by conservative measures It is not appli 
cable to severe cases and the tendency for 
recurrence maizes it an unsatisfactory oper 
ation 

Radicai. Surgical Treatment 
Mayo Technic, In the case of complete 
flatfoot, resection of the head of the first 
metatarsal bone can be done, bringing about 
improvement of the condition A curved in 
asion, with its convexity toward the dor 
sum, is made on the dorsum of the fool 
over the inner side of the melatarsophalan 
geal joint The sUn is separated from the 
bursa A U shaped inasion now is made 
through the bur^a to form a flap wrbich re 
mams attached to the first phalanx The 
head of the metatarsal bone then is removed 
with a bone<utUng forceps The remaining 


portion of the shaft is made round and 
smooth The bursal flap then is turned into 
the joint space and sutured to the lateral 
capsule of the joint by one or two catgut 
sutures In this wiy it prci ents an anky losis 
The toe is held in 'flight flexion and abduc 
tjon by means of a splint The foot is ele 
vated and dressings are kept moist vnlh a 
so per cent alcohol solution. Motion is en 
couraged after two weeks, and exercises ire 
continued for about three months The 
original Hueter operation can be earned 
out, in vrhich case the bur«al flip is not 
utilized 

The difficulty with this operation is that 
the loss of the head of the mctafirsil bone 
shifts more weightbearing onto the others, 
which means a readjustment of the foot and 
a painful foot for some months dunng the 
time of convalescence Results of this op- 
eration thus have contributed to the prev 
alewt belief that the bunion operation is 
very painful and takes a long time for 
recovery Furthermore, recurrences do occur 
and at times contractures are seen An ad 
vantage of the operation is its simplicity and 
the fact tbit It shortens the head of the 
first metatarsal bone so Uiat the toe easily 
can be straightened Alany good results biv e 
been obtained, but the best results arc in 
the old cases where a complete flatfoot 
exi«ts, in which ca«e the operation can be 
performed successfully 

DIGITI QUINTI VARUS 
(TAILOR S BUNION) 

The fifth metatarsal bone is displaced 
from the counterpressure of the floor away 
from the fourth and dorsally The fifth toe 
IS displaced medially, giving rise to digiti 
quinti varus The head of the fifth meta 
tarsal bone projects laterally and the fnc 
Uon tub of the shoe m this area causes a 
bumitis 

The technic is Similar to the operation 
for hallux valgus A small curved inasion 
exposes the bursa and the bursa is excised 
The exostosis is remov ed with an osteotome 
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TJie sharp margins on the dorsum and on 
the plantar surface are carefully removed 
The abductor digiti quinti then is dissected 
and exposed It is brought dorsally and fas 
tened by means of a double 0 (00) diromic 
suture to the periosteum on the dorsum of 
the first pbahnx This brings the toe into 
abduction and prevents recurrence of the 
deformity The skm is closed 

HALLUX VARUS 

The deformity is either acquired or con 
genital The acquired cases are very rare 
and usually are associated -with an inversion 
of the foot It IS seen mostly in young chil 
dren, particularly in those cases ^vhere the 
inversion is a spontaneous overcorrection 
of pes valgoplanus or flatfoot In these cases 
correction of the pes valgoplanus obviates 
the need for the inversion, and the varus 
position IS relieved 

SoncTCAL Treatment 

In the congenital type there usually is an 
associated anomaly Frequently there is 
either an extra toe or part of an extra toe 
In these cases the extra bone or extra part 
of the bone is removed and the position of 
the toe can be corrected either by doing an 
osteotomy through the first phalanx or by 
dividing the contracted medial side of the 
capsule and the tight band of connective 
tissue in this area The toe then is brought 
into normal alignment ^Vhere an osteotomy 
is indicated the position is held by means of 
a piaster of pans cast for eight to J2 weeks, 
until solid union has occurred Where di 
vision of the contracted tissue is carried out 
a hole may be drilled through the head of 
the first metatarsal bone and the base of 
the proximal phalanx A piece of fascia lata 
IS drawn through these holes to form a 
strong lateral ligament and to hold the toe 
in the corrected position, after the lechiuc 
of Sloane This minimizes the chance of loss 
of position with reformation of capsular 
contraction 


HALLUX RIGIDUS 
Co^sERVATI\•E Treatment 
A cute Phase Hallux rigidus is a loss of 
motion Or limitation of motion in the meta 
tarsophalangeal articulation It usually is 
due to traumatic arthritis During the acute 
phase rest is indicated Elevation of the 
foot with hot packs will relieve the spasm 
and allow return of motion 
Chronic Phase In the chronic phase 
where there is a loss of joint ‘ipace and over 
growth of bone conservative treatment may 
be earned out in the mild cases Relief is 
obtained by taking the weight off the meta 
tarsophalangeal articulation This can be 
done by raising the inner side of the heel 
and also by putting a felt pad inside the 
shoe just under the longitudinal arch, with 
an inclined plane directed laterally Some 
of the weight can be taken off the head of 
the first metatarsal bone by plaang the felt 
pad directly behind the heads of the meta 
tarsal bones, or by putting a transverse bar 
on the outer side of the sole of the shoe 
proximal to the heads of the metatarsal 
bones 

Surgical Treatment 
In advanced cases surgical treatment is 
indicated In certain selected cases where 
the etiology of the condition can be estab- 
lished and controlled, the exostoses are re 
moved through a dorsolateral incision The 
capsule IS reflected back and with a thin 
osteotome the exostoses and overgrown mar 
gms are excised After closure of the skm, a 
cast or splint may be applied to the toe 
The foot IS kept at rest until the acute 
inflammation has subsided, and motion is 
permitted as soon as there is no pain with 
movement Where there is some question 
about the possibility of recurrence, or in 
advanced cases the best operation is the 
resection of one half or one third of the 
proximal part of the first phalanx of the 
great toe 
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METATARSALGIA 


Metatarsalgia is pain over the heads of 
the metatarsal bones, usually in the region 
of the fourth although it maj occur over 
the «econd and third 

Prophv LACTIC Treatment 
Since It IS due to abnormal pressure, re 
lief can be obtained bv tabing weight off 
the heads of the metatarsal bones This 
can be accomplished bj putting a felt pad 


words, raising the heads of these metatarsal 
bones and making the head of the first 
metatarsal bone relativel> lower would not 
onli effect relief of sjmptoms but also have 
a curative effect This condition usually oc 
curs in pes valgoplanus, '^) that correction 
of the valgus of the heel bj raising the inner 
side of the heel usuallj is advi<sable In 
creased weight bearing on the anterior part 
of the foot would predispose to excessive 
precsure on the heads of the metatar'al 



Fic 152 Sketches of foot stra(^>ed for foot strain and pes valgoplanus 
(A) Strapping to bring heel into varus (B) strapping to bring anterior 
part of fool into pronalion, (C) combination of strappings shown in (A) 
and (B) to bring heel into vania and anterior part of foot into pronation 
(Courtesy, Hau'er, Emil D Diseases of the Foot, Philadelphia, 
\\ B SaModm Co ) 


posterior to the heads of the metatarsal 
bones or by putting a transverse bar on the 
outside of the shoe, behind the heads of 
the metatarsal bones Since the beads of the 
metatarsal bones receive undue pressure in 
most cases, with a dorsal displacement of 
the head of the first metatarsal bone, cor 
rectlon of the relative supination of the 
anterior part of the foot is indicated This 
15 achieved by means of the comma shaped 
transverse bar, which is higher under the 
heads of the fourth, third, and «econd meta 
tarsal bones than under the first In other 


bones, therefore, the high heel with its 
small weightbearing surface would be 
avoided in the case of metatarsalgia ^\hcre 
a high heeled slipper is a •social neccssitj, 
felt pads posterior to the heads of the middle 
metatarsal bones are helpful 

Conservative Treatment 
I\Tiere there is acute inflammation with 
Lur«itis and periostitis, weight bearing must 
be discontinued Rest in bed with elevation 
of the foot and hot packs usuall} has a 
favorable response in three or four da>s 
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Then the correctue shoes are ^\om when 
the patient starts to walk At times the pain 
IS acute, but the need for ^^alklng is so 
great that the patient must continue to use 
the feet In these cases, bringing the heel 
into varus with adhesive strapping and the 
anterior part of the foot into pronalion by 
means of reverse adhesive strapping is in 
dicated (Eig 152) 

SuRctcAt TREAnrE^r 

The pam is due to pressure on the nerve, 
and the removal of pressure usually will 
relieve the pain Cases have been observed 
m which there was a neurofibroma and m 
which removal by surgery gave relief 
Others have found it necessary to remove 
the heads of the metatarsal bones in order 
to relieve the pain lilorion describes a pain 
in the fourth toe due to pressure on the 
nerve in the region of the head of the mcta 
tarsal bone The nerve is believed to be im 
pinged between the heads of the metatarsal 
bones In the case of an acute attack, re 
moval of the shoe w ill give relief The treat 
ment for pes valgoplanus is indicated in Ibis 
condition namely, bringing the heel into 
varus and the anterior part of the foot into 
pronation by means of the application of 
an orthopedic heel with an inner raise of 
inch and a comma-shaped transverse bar 
with an outer raise of }i inch to a pliable 
shoe with a heay>' and then re-estab 
lishment of normal gait Division of the 
nerve has been advised, but m my cxpcn 
ence this has been unnecessary This also 
applies to injection of the nerve with al 
cohol 

MORTONS TOE 

Morton is of the opinion that when the 
first metatarsal bone is shorter than the 
second, abnormal weight bearing will occur, 
so that there will be an undue pressure on 
the heads of the lateral metatarsal bones 
Tn m> experience, the first mctataria! bone 
usually js shorter than (he second, and this 
condition has been observed in feet with 


excellent function If there is a decompensa 
tion and true pressure on the heads of the 
lateral metatarsal bones, it is true that 
relief is obtained by raising the inner <^ide 
of the shoe under the first metatarsal bone, 
but this encourages an abnormal condition 
and ultimately Wrill lead to a fixed position 
of supination of the anterior part of the 
foot This IS the same objection that is 
offered against metal arch supports or the 
so called arch preserver shoes The metal 
arch support that is most effective is one 
that has an inclined plane to bring the heel 
into varus with i raise behind the heads of 
the metatarsal bones If profiaently used 
such an arch support can be designed and 
will give relief, although when relief is ob 
lamed there is an increased disu«e which 
will lead to further decompensation and 
ultimately to a dependency upon supports 
and the condition will become worse The 
same principles would apply when there is 
a hyperflexible first unit In this condition 
usually there is a general structural weak 
ness, and m my opinion the mcrea«e of the 
strength throughout, with re establiOiment 
of normal position of the foot, is more valu 
able than the supportive treatment under 
the firet metatarsal unit 

METATARSUS VARUS 
Metatarsus varus may be congenital, it 
joMy he 3 residue of an incomplete correc 
tion of a clubfoot, or it may be a static 
deformity As a matter of fact, the most 
common metatarsus varus is the static de 
formitj, as seen in children who invert the 
foot for a spontaneous or instinctive correc 
tion of pes valgoplanus 

Conservativt Treatment 
WTien seen early, correction of the pes 
valgoplanus b> means of the corrective shoe 
automatically will discontinue the inversion 
and the metatarsus varus MTicn seen in 
older children, where the varus position has 
been retained for some time, there is an 
actual bowing of the first metatarsal bone. 
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as well as of the second and third to a lesser 
degree In these cases an osteotomj at the 
base of the first metatarsal bone, with cor 
rection of position and retention by means 
of cast, should be done This is an CTtremelj 
rare atcumstance 

CLAW TOE 
Etiology 

Clan toe or contracted toes occur as a 
static condition associated with pes valgo- 


Treatsient 

Since the deformity is secondary to pes 
valgoplanus correction of the pes \algo- 
planus is indicated In children as well as 
in mild cases in the older patients this will 
suffice to obtain full correction of the de 
formit} WTiere the contracture has been 
of tong standing it usually is associated 
with a short tendo achiUis and equinus de 
formity of the foot In these ca«e5 the use 
of the coirectiie shoe must be gradual At 




Fig 153 Application of Haglund footboard Loop is screwed donn in form of a Spanish 
windlass Board fastened to foot permits leierage to correct deformity (Courtesj, 
Hauser, Emil D W Diseases of the Fool, Philadelphia W’ B Saunders Co ) 


In. lift decompensated foot with 
pronation m the midtarsal area and lower 
ing of the longitudinal arch the plantar 
fasaa and the short plantar muscles of the 
foot which extend from the calcaneus to the 
toes are put under tension The distance 
from the ongin and the insertion of the 
muscles is greater than normal The result 
is a contracture of the short flexors, bnnging 
about a contracture of the toes The first 
phalanx is dorsiflexed at the metatarso- 
phalangeal articulation The second phalanx 
is plantarflexed at the proximal interphalan 
geal atliculalion This corresponds to the 
acquired hammertoe 


first a shoe w ith a lov. heel \tQm. tor short 
periods at a time five to ten minutes $e\ 
eral times a day These periods gradual!} 
are lengthened until the shoe can be nom 
with comfort the entire da} Then the cor 
rectiie heel and comma shaped transier^ 
bar are applied to the shoe Again the shoe 
IS worn for only short periods at a time 
fi\e to ten minutes practiang the normal 
heel and toe gait This means holding the 
anterior part of the fool well m the air 
with the heel on the ground and rolling o\er 
the heel, then rolling from the outer side 
of the foot o\er the antenor part of the 
foot until the propulsne force is obtained 
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by means of tJie great toe The gradual re 
establishment of the use of the toes not 
only effects a correction of the deformity, 
but it prevents recurrence When done 
gradually and accurately, spectacular re 
suits frequently are obtained 
Surgical Treatment. Where the con 
tracture is too great to obtain full correc 
tion by conservative measures, they never 
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to tralk, wearing the cast, as soon as the 
pain subsides Following the u-^e of the cast, 
corrective shoes are worn until normal func 
tion has been re established The removal 
of the heads of the metatarsal bones is de 
scribed m surgical textbooks although ii 
gives a slight cosmetic improvement, it is 
mutilating and destructive, and those cases I 
have observed gave poor functional results 



Fxc 154 Authors operation for hammertoe (a) Hammertoe with 
inflamed bursa and soft tissue contractures, (b) lateral oval in 
cision, (c) removal of bursa and division of extensor tendon, (d) re- 
••ection of head of proximal phalanx, (e) closure with shortening of 
tendon (Couriesy, Hauser, ^il D W Diseases of the Foot, Phila 
delphia, W B Saunders Co ) 


theless should be applied as a preliminary 
measure as much correction should be ob 
lained by conservative means as possible 
Then correction can be obtained by surgery 
T^e plantar fascia can be divided as can 
the contracted tendons of the toes, by means 
of a tenotomy subcutaneously With the use 
of the Haglund footboard the deformity can 
be corrected The force is exerted against 
the cavms deformity by means of a Spanish 
windlass (Fig 1S3) The corrected position 
Is held by a cast The patient is permitted 


HAMMERTOE 

The fixed hammertoe usually is congenital 
and occurs most frequently in the second 
toe The acquired hammertoe would be a 
long standing deformity of the claw toe 
type The deformity becomes so fixed that 
the contracture of the capsule will no longer 
permit any correction directed against the 
soft tissue alone 

SusciCAL Treatment 
For this type of hammertoe the usual 
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procedure is to resect the interphaJangeal RES CAVUS (HOLLOW FOOT) 


articulation and then bring the toe up into 
a straight line and allow a fusion in this 
position The difticult> with this procedure 
IS that there is almost alwajs a severe con 
tracture at the metatarsophalangeal joint 
The toe is stiff and has a tendencj to pro 
ject dorsally so that the lip rubs against the 
shoe WTien the contracture is more st\eie, 
the base of the pro'umal phalanx alao may 
be resected 

Hausers Technic Under local anes 
tbesia an elliptical incision is made wide 
enough to include the painful callus The 
small bursa which is present underneath 
the callus is dissected and removed The 
extensor tendon is exposed A fine forceps 
IS placed underneath the tendon and it is 
dmded at the proximal interpbalangeal 
joint The articulation is entered and the 
head of the proximal phalanx is freed The 
proximal phalanx is exposed and with a 
small strong pointed bone forceps the dis 
ta! end is divided and removed (Fig 154) 
The toe is straightened and the divided ten 
don IS sutured and overlapped about K 
inch Two fine mattress sutures are suffi 
cient to retain this position 

CoNSERVATlV'E TREATMENT 

If for any reason it is inadvisable to make 
surgical correction some relief from the 
discomfort of a hammertoe can be obtained 
!fy ihf eJ 3 Sek pxJ the 

dorsum of the first phalanx of the toe 
This relieves the pressure and friction rub 
over the projecting distal end of the pha 
lanx and thus the pain from the com and 
bursitis in this area is decreased The shoe 
over the projecting part of the toe should 
be stretched in order to avoid pressure 
Surgical treatment is the treatment of 
choice, but the«e conservative measures al 
leviate the sjanploms in aged people who 
do not wish to undergo even this minor 
operation It will frequentlj produce «ufii 
aenl comfort ’‘O that the patient is able to 
carry out all hu. functions 


Pes envois usuaU> is congenital or j^ra 
lytic At times it is acquired There is an 
exaggeration of the height of the normal 
longitudinal arch The anterior part of the 
foot is lowered and the calcaneus is drawn 
forward The result is that the foot is in 
equinus position and the plantar muscles 
and plantar fascia are shorter than normal 
Due to the contracture of the flexor mus- 
cles, there is a contracture of the Iocs. 

Conservative Treatment 
Since most of these are developmental 
and the result of high heeled shoes, they 
can be corrected conservatively First the 
shortened lendo achilhs is stretched This is 
done by wearing low heeled shoes for short 
periods at a time five to ten minutes, and 
bringing the anterior part of the foot into 
dorsifieaon while walking Gradually the 
length of time that the low heeled shoe is 
worn IS increased «o that it cm worn for 
a half hour, then a half daj, and finally 
all day The corrective gait is continued 
gradually accentuating the dorsiflexion of 
the root The heel of the shoe either is 
raised slight!) on the outside or is left 
level The pressure under the head of the 
first metatarsal bone as well as under the 
heads of the other metatarsal bones is re 
lieved by a transverse bar which is placed 
just posterior to the heads of the metatarsal 
iatiKS The tcansiecse hec hss ihe effect <ff 
stretching the short plantar muscles, as 
well as the plantar fosaa ^Vith each step 
the body weight has a tendency to stretch 
these slruclures as the foot rolls over the 
transverse bar 

Surgical Treatment 
The conserv’ative method suffices in m(»t 
ca«es for the correction of the deformity 
and relief of the symptoms This is true 
also of neglected or long-standing 

cases as seen m adults Occasionally this 
type of deformitj requires a division of 
the plantar fasaa and division of the 
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dons of the shortened mu<!cles and then 
stretching by meins of a Spanish 'amdlass 
This consists of a pad over the dorsum of 
the foot and a notched footboard A canvas 
loop 15 passed over the foot and over the 
footboard, and a wooden rod is used to 
wind up the slack of the loop of the canvas 
thus forcing the arch of the foot down 
against the footboard (Fig 1S3) After the 
correction the foot is put m a cast which 
goes from the toes to the knee, and as 
soon as the pain subsides which usually 
IS withm 24 to 36 hours, walking can be 
started A heel is fastened to the cast to 
simplify walking The cast is worn for a 
period of six to eight weeks, and then the 
corrective shoe is worn The removal of a 
uedge to correct the cavus is not neces 
sary in cases of acquired pes cavus 

PES VALGOPLA^US (FLATFOOT) 

The most common foot disorder, and 
one of the most common ailments of cm 
lized people, is the so called flatfoot, or pes 
valgoplanus 

Etiology 

Characteristic of the condition is the val 
gus deformity of the heel and the pronation 
of the midtarsal area which results in a 
lowering of the longitudinal arch The pro 
nation in the anterior part of the foot is 
met by counterpressure from the floor Thij> 
results m a dorsal displacement of the bead 
of the first metatarsal bone and a dorsal 
displacement of the head of the fifth meta 
tar«al bone which gives a relative lowering 
of the middle three Since the middle three 
gel more pressure than normal plantar cal 
luses usuallj occur under the heads of these 
metatarsal bones The first metatarsal is 
displaced awaj from the second, as well 
as donallj , and the fifth is displaced away 
from the fourth as well as dorsally The 
recognilfon of these facts estiblishes the 
treatment of pcb valgoplanus 

This is a siatic deformjl> It alwaj’s oc 
curs when there is a functional decompensa 


tion, which means that there is an imbal 
ance between the load or demand made on 
the foot and the capaaty of the foot to do 
its work The load may be increased b> 
prolonged standing or it may be increased 
by exce^ive weight The capacity may be 
decreased bj strain, by lack of use, and 
by anything that will decrease the general 
strength of the individual 

Conservative Treatment 
Once (he deformity exists it is necessary 
to re establish the foot to normal position 
but in order to cure the illness it is neces 
sary to remove the functional decompensa 
tion The functional decompensation can 
be relieved temporarily by means of arch 
supports, plaster of pans cast or in some 
cases by means of arch supports built in the 
shoes This relief is obtained at the ex 
pense of use therefore, there is a tendency 
to decrease strength and ultimately to in 
crease the functional decompensation This 
supportive type of treatment may be used 
to relieve acute strain resulting from a func 
tional decompensation, which is of tern 
porary duration only It also may be used 
in older people, since relief of the symptoms 
will be sufficient to allow them to carry out 
their limited amount of usefulness without 
pain In most cases, however, it is contra 
indicated since it interferes with normal 
use and ultimately decreases the capaaty 
of the foot for doing its work Therefore, 
treatment should consist of correction of 
the deformity and re establishment of nor 
mal capaaty of the foot 
To accomplish the correction of the de 
formity, since the heel is m valgus the 
inner side of the heel of the shoe is raided 
to bring the heel into varus The raise 
vanes from ^ inch up to }i inch, accord 
ing to the amount of deformity as irell as 
the tolerance of the individual In my ex 
penence, I have found that the usual raise 
IS about ^ inch Since there is a relative 
supination of the anterior part of the foot 
that IS a dorsal displacement of the head of 
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the first metatarsal bone, this should be 
brought into relatne pronation, or the head 
of the first melatar'ial bone should be forced 
planlarward (Fig 155) To accomplish this 
a transverse bar on the shoe is utilized 
This trans\erse bar has the advantage not 
onij of bringing about the relative prona 
tion, but also of relieving the strain on the 
heads of the metatarsal bones The bar is 
comma shaped and hes immediately pos 
tenor to the heads of the metatarsal bones 
Since the fifth metatarsal bone is normally 
weight liearmg and relatively lower than 
the middle metatarsal bones the transverse 
bar does not extend under the head of this 
bone It begins medial to the head of the 
fifth The inclined plane is directed from 
the lateral side medially so that the trans 
verse bar is higher on the lateral side The 
inclined plane is directed from the lateral 
side medially so that it is at a level plane 
under the first metatarsal bone The amount 
of incline varies from to inch The 
usual incUne, in my experience is inch 
Since the heel is raised on the inner side 
and the bar on the outer side, there will 
be a twist in the region of the longitudinal 
arch Therefore any metal shank that would 
prevent this tivist viould have to be re 
moved To make the correction more efiec 
live and to act as a preliminary support in 
the d< formed foot, it is advisable to ad 
Vance the heel of the shoe on the medial 
side This prevents the pliable sole from 
being depressed At the «ame time it aids 
m bringing the heel into varus Correction 
of the foot is brought about when weight 
bearing is placed on these two inclined 
planes 

To increase the capacity of the foot, ex 
erase is necessary The best type of erer 
ase is carrying out normal function — 
m this case normal gait In norma! gait the 
weight passes from the outer side of the 
heel, over the outer side of the foot, across 
the metatarsal area, and then off the great 
toe \\ ith the foot in dorsiflexion, a lever is 
formed between the leg and the foot This 


leverage action is used m normal walking 
The great toe, assisted by the other toes, 
is used as a propulsive force, just before 
the foot leaves the ground The result is a 
rolling gait in which the foot moves in an 
arc corresponding to the rocker of a rocking 
chair The patient is instructed in regard to 
this normal gait The gait is demonstrated 
and the patient practices walking at home 
for short periods at a time usually start 
mg with five to ten minute penocla five or 
ten times a day It is well to eraggerale 
the correction This exaegeraied type of 
gait IS used as the practice gait and rapidly 
influences the patient’s gnit «o that it is 
brought back to normal 

\\ ilh the re-estabbshment of normal po 
sition and normal function, the pes valgo 
planus disappears and the functional dc 
compensation gradually is removed In 
those cases where fatigue evidently is due 
to prolonged standing, periodic rests are 
prescribed This means resting 10 to 20 
minutes at intervals during the dav If the 
prolonged standing is interrupted with rest 
periods, the muscles are given time to re 
cover so that they can carry out ibeir func 
tion without strain 

W EAR FOOT 

Weak foot IS a precur‘?or of pes vnl 
goplanus or fiaifoot In case of weak foot 
there is a functional decompensation pres 
ent so that there is an imbalance between 
the capaaty of the foot to do Us work and 
the work required of the foot Usually with 
weak foot the disturbance is m the capaaty 
of the foot This may be due to a prolonged 
illness, rest in bed, improper u«e, lack of 
exercise, or the wearing of hij,h heeled or 
stiff shanked shoes which do not permit 
normal use of the foot It also may follow 
an injury In weak foot the functional de 
compensation exists without the deformity , 
in other words, there are subjective symp- 
toms mlhoul objective findings The arch 
looks compantivcly normal, but there is 
pain However, weak foot, if not treated 
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Tig 155 (A) Photographs of correctue shoe for adolescent 

girl 

(B) Sketches to illustrate Hauser bar (1) Plantar a'pecl, 
sho^^' 1 ng shape of bar and its relationship to heel (2 and 3) 
Pictures m Jineir perspecliie to show relationship of inclined 
plane of heel to inclined plane of bar (Courtesy, Hauser, 
Emil D W Diseases of the Foot, PJiibdelphia, W V Saunders 
Co) 
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ultimately will result m a case of pes \aIgo- 
planus 

TBEATllEhT 

The treatment for weak foot, then, is 
primarily to increase the strength of the 
foot This would include remoMng the etio- 
logic factors such as high heels which do 
not permit normal use, or stiff-shanked 
shoes which also interfere with the exer 
cise of the foot Since the weak fool tends 
to bring about the pes Aalgoplanus de 
formitj It is well to forestall the deformity 
by means of the cotrecti'.e shoe Treatment, 
therefore, nould include a pliable soled shoe 
with the heel raised on the inner side and 
a comma shaped trans\ erse bar raised on 
the outer side periodic rest to prevent 
strain and the re-establishment of normal 
gait as the best form of exercise Exer 
cises are introduced graduall> which means 
walking m the corrective shoes for short 
periods at a time starting with five minutes 
several times a day and increasing the 
length of time the shoe is used until it can 
be worn all da> Corrective shoes are worn 
until full strength is re-established 

RIGID FL\TFOOT 

Rigid flatfoot IS the result of a neglected 
pes valgoplanus If the deformed position 
IS allowed to continue for a long pcnod of 
lime, tmiscies ligaments and bones att ad 
•/{fA 'i/unsAV/ss, ♦«. ‘Aat. OAn. The. 

result IS a fixed pes, valgoplanus or ngid 
flatfoot Continuation of the functional de 
compensation with the rigid flatfoot pres- 
ent, gives rise to arthritic changes in the 
joints, thus increasing the rigiditj 

Treatment 

Since the chief complaint is pam, and 
the pain is due to the functional decom 
pensation, relief of the functional decom 
pensation is indicated This can be accom 
plished b} means of metal arch supports 
These have the disadvantage that thqr are 
very diEBcuU to adjust Arch supports made 


of felt are easily shaped to suit the need 
of the individual The felt is cut to form 
an inclined plane under the longitudinal 
ardi This inclined plane is directed from 
the medial side lateralh and brings the heel 
into varus It al«o brings the pronated 
midtarsal area into supination by raising 
the longitudinal arch A transverse pad also 
IS made with an inclined plane directed 
from the lateral side mediallj and is placed 
immediately posterior to the heads of the 
metatarsal bones but not under the fifth 
It la higher under the fourth, third, and 
second metatarsal bones than under the 
first, thus re-establishing the normal rela 
tionship of these metatarsal heads but at 
the same time relieving the pressure on the 
depressed metatarsal bones These pads 
usually relieve the acute symptoms In 
chosen cases the correction can be carried 
out further b> means of the corrective 
shoes in which the inner side of the heel 
la raised and the transverse comma shaped 
bar is applied to the sole of the shoe and 
by means of slow re-education of the pa 
tient to normal gait In many coses the 
amount of correction obtained in spite of 
the fixation and the arthritic changes by 
roentgenogram, is beyond what one would 
normally expect 

Manipulation Since most of these ca<es 
occur m older people the treatment usu 
ally IS limited to the con«er\ alive measures 
Qcxaswwallv, a. pgA flaJ/not. roa-v be. wji. 
m a younger person m which ca'e manip- 
ulation under anesthesia will be indicated 
Manipulation consists of bringing the heel 
into varus by means of the Thomas wrench 
and the anterior part of the foot into pro- 
nation by means of a speaal wrench 
(Fig 156) Corrected position then is re 
tamed in a plaster-of pans cost As soon as 
the pam subsides walking is permitted 
either with a walking caliper or with a heel 
fastened to the cast 

Surgical Treatment In ngid flatfoot 
where conservative correction cannot be 
carried out, 3 fusion of tbe subastragaloid 
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articulation will give relief In this connec 
ticn, the calcaneocuboid and talonavicular 
joints also ‘'how arthritic strain and should 
be fused— so called triple arthrodesis 

ACUTE FOOT STRAIN 

Acute foot strain usually occurs as a re 
suit of sudden exertion The symptoms are 
pains in the ligaments and m the muscles 
of the legs 

Treatment 

Treatment consists of strapping the foot 
with adhesive The hgamentus strain is re 
lieved when the heel is brought into varus 
therefore, the foot is held in varus and 
adhesive tape 1 inch wide is used to hold 
the position (Fig IS2) The strapping 
starts below the lateral malleolus and runs 
across the plantar surface of the foot, up 
the medial side of the leg for about 6 to 8 
inches It covers the foot from the posterior 
part of the heel anteriorly until it reaches 
below the navicular bone This fixation usu 
ally IS effective for from five to ten days 
Occasionally m severe strain it may be 
necessary to repeat the strapping and beep 
up the fixation for a period of from 12 to 
21 days The symptoms are usually relieved 
by the strapping, but it should be continued 
until n allying has been reestablished with 
out pam for a period of at least three or 
four da,vs 

SHOES AND FOOT POSTURE 

The treatment of static deformities of the 
foot and leg has emphasized the importance 
of normal weight bearing and the carrying 
out of normal function In normal weight 
bearing of the lower extremities the body 
weight IS transmitted from the pelvis 
through the femur, dowm to the tibia and 
fibula, then through the talus onto the cal 
caneus and anteriorly to the rest of the foot 
When a functional decompensation arises, 
that is, an imbalance between the capacity 
of the lower extremity to do its normid 
work and the work demanded of the lower 


extremity there is an alteration in the 
alignment of the«e bones This alteration in 
alignment at the knee gives rise (o a genu 
valgum and at the foot to a pes valgo 
planus Therefore these are the static de 
formities most commonly encountered 
Prolonged standing and interference with 
normal function are the principal causative 
factors of a static deformity The primarj 
functions of the lower extremity are 
weight bearing and locomotion To pre 
vent excessive weight bearing obesity and 
prolonged standing must be avoided In 



Fig 156 Special wrench and two 
views showing its application for cor 
reclion of supination of anterior part of 
foot (Courtesy Hauser Emil D W 
Diseases of the Foot, Philadelphia, W B 
Saunders Co ) 

ordinary life the avoidance of prolonged 
standing offers the greatest difficulties 
Jlanj occupations require long standing, 
and for this reason static deformities have 
been looked upon as occupational diseases 
With the improvement of working condi- 
tions this offense is offered le» frequently 
to normal statics Fatigue is considered 
both from the point of view of comfort for 
the worker and from the point of view of 
effiaency For this reason, change of posi- 
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tion IS permitted tsheneter po«sible in 
carrj mg out work WTiere impossible, as in 
the case of the traffic policeman, frequent 
periods of rest are permitted, which means 
relief e\er> hour or e\er> two hours This 
same principle of periodic rests should be 
permitted and enforced in all occupations 
that require continuous standing E\en 
more important than the increase in load 
or demand is the offense of interference 
with normal function As a protection 
against the hard surfaces on which we mu'sl 
walk It IS necessarj to wear 'hoes Shoes 
further protect the feet against sharp ob- 
jects, agamat penetrating wounds which 
could carrj infKtions, and against the cold 
and wet Shoes were dc\ eloped for such 
protection, but graduallj they baNe been 
altered so that there has been more and 
more interference with normal use of the 
foot Fashion has been an influen-e iti this 
The shoe with the narrow high heel and 
pointed toe could not hate been designed 
for the comfort of the foot nor with the 
principal idea of permitting the foot to 
carrj out normal function The «hoe Chat 
will permit the greatest u«e of the foot 
would be one that would hate the least 
interference with the foot itself Since the 
primarj purpose of the shoe is to protect 
against the hard walking surfaces the 
leather sole has been well cho«en , first, be- 
cause it has a certain amount of resihencj , 
■‘•'mmi, ’wratibt Yi hobiUchjlctc^ irrrfi 'iunii, 
because it has durabilitj The shoe should 
be designed so that it fits well at the heel 
but has ample room for the anterior part 
of the foot and space enough to allow 
normal use of the toes 

Norual Gui 

In normal gait the bodj weight is trans 
mated from the heel across the outer side 
of the foot, over the transverse arch and 
off the great toe This means that the foot 
IS held at a right angle to the leg with the 
heel on the ground, thus forming a lever 
One arm of the lever is formed b> the 


foot and the other bj the leg \s the bodj 
weight rolls over the fool a leverage action 
Is utilized, which makes for the minimum 
amount of effort in bringing about propul 
«ion In walking in a normal manner the 
heel and toe of a foot are never on the 
ground at the same time An arc is formed 
on the bottom of the foot so that a rolling 
DTie of gait occurs In order to enable the 
foot to carrj out this tj-pe of motion, the 
bodj must be held erect Since functional 
decompensation cau«es poor posture in the 
back, and pes valgoplanus m the feet, these 
conditions usuallj occur at the same time 
Therefore, correction of the flaifoot almost 
alwajs includes correction of posture, and 
vice versa Poor posture means an increase 
of the normal curves, that is a rounded 
dorsal kjphosis and an increased lumbar 
lordosis The increase of the curves is due 
to the sagging of the back Bj holding the 
upright position and enabling the foot to 
carrv out norma! gait, posture is corrected 
In conecting the curvatures of the spine 
It IS necessarj to hold the upright position 
To continue to hold it, the flatfoot gait 
which IS a shufihng of the body weight 
from one foot to the other, must be dis 
continued, and the normal rolling tj-pe of 
gait relearned The<c functional ezerciaes 
therefore, arc of pnmarj importance not 
onlj in correcting the fool but al o in cor 
reeling curvatures of the spine, and as we 
hisrt. w* Vbft 'Jaica, 'iAfAfi’ittfceta, ‘A/t 
knees, bringing the foot into VTirus condition 
also corrects genu valgum There is thus a 
definite relationship between the static de 
formities of the back, the knees and the 
feeL These deformities must first be cor 
reeled to permit re-establishment of normal 
position, and then the phj'siologic exercise 
— namelj , correct posture and correct gait 
—must be carried out until normal capaatj 
has been re-established As a result, (1) the 
dcformitj is eradicated, (2) the functional 
decompensation is cured, and (3) the sj-mp- 
tonii as well as the objective findings dis 
appear 
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Surgical Treatment of Scoliosis 

Wn HAM H VON L\ckUM, M D 


Wuhm the past quatlct of a century, 
the scope of scoliosis treatment has been 
immensely wldcnetl by the introduction of 
the stabilizing operations upon the spine 
Although originally conceived for use in 
the arrtst ol disease and pre\cnlion of the 
gross deformities produced by tuberculosis 
spine fusion has fulflled the need for the 
passive control of the spine essential in 
the treatment of cases of scoliosis that 
cannot rehabilitate themselves by volun 
tary muscle control The necessity for ar 
resting progressive ileformit> and maintain 
mg the correction gamed after the institu 
tion of corrective treatment has long been 
recognized the inability of conservative 
methods to perform these functions has 
beenamplj demonstrated Consequenl)> , for 
tho«:e cases of scoliosis requiring additional 
treatment beyond conservative means in 


and surgical treatment are more limited u 
IS our purpose to outline and illustrate very 
bneflj the most essential factors needed 
to guide one in the complete correction 
stabilization regime 

In addition to, and preliminary to, perfect 
surgical technic, full attention must be 
given to the man> aspects of the deformity 
such as the differentiation of the primiry 
from the secondar> curve, adequate pre 
opentive correction and the selection of 
the proper area for fusion These factors 
m luni, must be coupled vvnlh close post 
opentive observation for possible fusion 
defects Occasionally, double primary curv es 
ezjst and must be recognized, and when 
pain IS a presenting s>Tnptom its man} 
diffcrenlnl possibilities niu't be anal} zed 
WTien each of these considerations is ac 
corded careful attention^ some fusion sue 
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Paul of Aegina sought to correct the de- 
formity with uooden sphnts Centuries 
later, in a similar effort, Pare"® devised an 
iron cuirass, and though many such devices 
were used in the years following, it was 
not until 187S that the first appreaable 
advance was made with the introduction 
of the plaster jacket applied in extension 
by Sayre Many pieces of apparatus were 
later devised utilizing lateral pressure for 
the correction of the deformity, and in tbeir 
wake followed forcible redressment by 
Delore* and Calot,* an adaptation of the 
treatment afforded the deformities of tu 
berculosis at that period, machinery de 
vised by Hoffa,» Schede,’® sr 
manj others to afford forcible correction, 
and finally the extension suspension appa 
ratus of Schanx*’ Traction in some di 
rection was utilized in all of these as the 
principal method for forcibly correcting the 
deformity At this lime, physical therapy, 
supplemented by the mechanotherapy 
largely developed by Schulthess,** also 
found Its place in scoliosis treatment In 
America, the Abbott* jacket with its pnn 
ciple of forcible correction of the spine 
obtained by forward flexion gamed wide 
spread attention, but it was found that 
counterpressure was more likely to deform 
the ribs than create any appreciable cor 
rection m severe deformities In recent 
years, GaTeazzi® has devised a derotation 
machine which, when coupled with the use 
of plaster jackets, accomplishes slow, fore 
ible correction of the deformity, and though 
the treatment is severe and prolonged the 
correction obtained is exceptional Steind 
ler*® has introduced an innovation in con 
servative treatment along similar lines of 
derotation, but without forcible redress 
ment He practices a method of compen 
sating the primary curve by creating a 
secondarj curve of equal intensity and then 
derotating the vertebrae to decrease the 
curvature, but, as staled b> its ongmator, 
this method has proved applicable in se- 
lected cases only 
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In most instances, however, modern 
orthopedic surgeons supplement conserva 
live therap> of severe or progressive de 
formities with surgery The first surgical 
procedure for the relief of scoliosis was 
introduced by Guerm’® in 1830 who, in the 
belief that lateral curvature was produced 
by muscle contracture, performed numerous 
myotomies upon the spinal muscle of the 
concave side of the curve To create a 
better cosmetic appearance, Hoffa,^' 
Lange,*® ** Sauerbnich,"® and, m America 
Hoke** among others practiced nb resec 
tions either on the concave side of the 
curve or bilaterally, but the results ob 
tamed were negligible for so formidable a 
procedure With the advent of the stabiliz 
mg bone fusion operations of Hibbs,**’ ** ” 
Albee,* and McKenzie Forbes,* and those 
of Lange,*® ** who claims precedence for 
his wiring and celluloid sphnt methods for 
the collapse deformities of spinal tubcrcu 
losts, nen interest was stimulated in scoli 
osis treatment The Hibbs** epme fusion 
whidi has proved admirably suited for use 
m scoliosis, was first utilized as a part of 
scoliosis treatment in 1914 at the New York 
Orthopedic Hospital and since the mtro 
duction of the Risser wedging jacket** in 
1927, has been used thereafter in conjunc 
lion with It Based on the pnnciple that a 
curved rod can be more easily straightened 
by bending than by making traction at 
both ends, this Jacket has proved most 
effective in gaming maximum correction 
within a minimum time With the demon 
stration that spine fusion could adequately 
stabilize the spine and maintain correction, 
the pre-existing inability of conservative 
means to accomplish this, which still re 
mains the principal defect of nonsurgicaJ 
treatment, was readily overcome 

CTIOLOGV AND CLASSI 
nCATION 

Functional scoliosis, one of the two 
fundamental types of lateral curvature, oc 
cuts pnncipaliy in children of school age 
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^VlLLIAM H VON LaCKUM, M D 


Within the past quarter of a century 
the <!cope of scoliosis treatment has been 
immensely widened by the introduction of 
the stabilizing operations upon the spme 
Although originally concened for use in 
the arrest of disease and prevention of the 
gross deformuies produced by tuberculosis 
spine fusion has fulfllled the need for the 
passive control of the «pine essential in 
the treatment of cases of scoliosis that 
cannot rehabilitate themselves by volun 
tary muscle control The necessity for ar 
resting progressive deformity and maintain 
ing the correction gained after the institu 
tion of corrective treatment has long been 
recognized the inability of conservative 
methods to perform the«e functions has 
been amply demonstrated Consequently, for 
thoce cases of scoliosis requiring additional 
treatment beyond conservative means, in 
ternal splinting ^y the u«e of spine iusion 
IS the only effective procedure Preceded bv 
correction or correction and compensation 
It IS applicable in most ca«es of the pro- 
gressive or severe deformities observed in 
children and m a relatively large number 
of cases with severe deformity and asso- 
ciated fatigue or pain seen in the adole<cenl 
and postadolescent stages 
With the objective of prevention of 
physically evident deformity, the surgical 
treatment of scoliosis involves something 
more than the surgical procedure itself, and 
particularly for the benefit of the ortho- 
pedic surgeon whose opportunities for study 


and surgical treatment are more limited il 
IS our purpose to outline and illustrate very 
briefly the most essential factors needed 
to guide one in the complete correction 
stabilization regime 

In addition to, and preliminary to, perfect 
surgical technic full atlenUon must be 
given to the many aspects of the deformity, 
such as the differentiation of the primary 
from the secondary curve, adequate pre 
operative correction and tbe selection of 
the proper area for fusion The«e factors 
m turn, must be coupled wath close post 
operative observation for possible fusion 
defects Occasionally, double primary curves 
eici't and must be recognized, and when 
pain IS a presenting symptom its many 
differential po'^sibilities must be analyzed 
WTien each of the^e considerations is ac 
corded careful attention, spine fusion sue 
cceds in the Tixation and maintenance ol 
the corrected deformity and assures both a 
good cosmetic result and the relief or pre- 
vention of pam In addition it has been 
well proved that m most instances surgical 
intervention terminates treatment, whereas 
observation and an indeterminate amount 
of physical therapy, corsets, and braces arc 
otherm«e necessary throughout life 

HISTORICAL DATA 

Scoliosis has been recognized <ince the 
earliest clays of medicine, for Hippocrates “ 
although he classified it with all spinal dis- 
eases, gave tbe condition Us name, and 
146 
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Paul of Aegma sought to correct the de- 
formity with wooden splints Centunes 
later, m a similar effort, Pare'*® devised an 
iron cuirass, and though many such devices 
Here u«ed in the years following, it was 
not until 1878 that the first appreaable 
advance was made with the introduction 
of the plaster jacket applied m extension 
by Sayre Many pieces of apparatus were 
later devised utilizing lateral pressure for 
the correction of the deformity, and in their 
wake followed forcible redressment by 
Delore^ and Calot,* an adaptation of the 
treatment afforded the deformities of tu 
berculosis at that period, machinery de 
used bj Hoffa “ 1'’ Schede,"® and 
many others to afford forcible correction, 
and finally the extension suspension appa 
ratus of Schanz*’ ” Traction in some di 
rection was utilized in all of these as the 
principal method for forcibly correcting the 
deformity At this time, physical therapy, 
supplemented by the mechanotherapy 
largely developed by Schulthess,** also 
found Its place in scoliosis treatment In 
America, the Abbott" jacket with its prin 
ciple of forcible correction of the spine 
obtained by forward flexion gamed wide 
spread attention, but it was found that 
counlerpressure was more likely to deform 
the ribs than create any appreciable cor 
rection in severe deformities In recent 
years, Galeazzi® has devised a derotation 
machine which, when coupled with the use 
of plaster jackets, accomplishes slow, fore 
ible correction of the deformity, and though 
the treatment is severe and prolonged the 
correction obtained Is exceptional Steind 
ler"® has introduced an innovation in con 
servative treatment along similar lines of 
derolation, but without forcible redress- 
ment He practices a method of compen 
sating the primary curve by creating a 
secondiry cur\e of equal intensity and then 
derotaiing the \ertebnie to decrease the 
curvature, but, as stated bj its originator, 
this method has proved applicable in se- 
lected cases only 


In most instances however, modern 
orthopedic surgeons supplement conserva 
ti\e therapj of severe or progressive de 
formities with surgery The fir«;t «surgical 
procedure for the relief of scolio«is was 
introduced by Guerin^® in 1830, who, in the 
belief that lateral curvature v\is produced 
by muscle contracture, performed numerous 
myotomies upon the spinal muscle of the 
concave side of the curve To create a 
better cosmetic appearance, Hoffa 
Lange,** *■* Sauerbrudi,®* and, in America 
Hoke*® among others practiced nb resec 
tions either on the concave vide of the 
curve or bilaterally, but the results oh 
tamed were negligible for so formidable a 
procedure With the advent of the stabiliz 
ing bone fusion operations of Hibbs,** ** “ 
Albee,* and McKenzie rorbes,"* and those 
of Lange,*® “ who claims precedence for 
his wiring and celluloid splint methods for 
the collapse deformities of spinal lubcrcu 
losis, new interest was stimulated in scoli 
osis treatment The Hibbs** spine fusion 
which has proved admirably suited for use 
in scoliosis, was first utilized as a part of 
scoliosis treatment in 1914 at the New York 
Orthopedic Hospital, and, since the intro 
duction of the Risser wedging jacket** in 
1927, has been used thereafter in conjunc 
lion with It Based on the principle that a 
curved rod can be more easily straightened 
by bending than by making traction at 
both ends, this jacket has proved most 
effective in gaming maximum correction 
within a minimum time With the demon 
stration that spine fusion could adequately 
stabilize the spine and maintain correction, 
the pre existing inability of con«ervative 
means to accomplish this, which still re 
mams the principal defect of nonsurgical 
treatment, was readily overcome 

ETIOLOGY AND CLASSI 
riCATION 

Tunctional scoliosis, one of the two 
fundamental types of lateral curvature, oc 
curs pnnapally in children of school age 
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Hus form does not eslubit pathologic 
changes m the %ertebral column, but la 
caused b\ both a generalized weakening 
of the musculature and fault} po«ture The 
condition u uallv can be \oluntarih com 
pletel} corrected 

Among the cases presenting themsehea 
for treatment of structural scoliosu, ap- 
proximatelv 20 per cent can gi\e adequate 
cause for the deIorrmt\ "Mo^l commonl\ 
noted in this group are curves due to polio- 
m}elitis where as\'mmetncal parah-«es of 
the 'pinal and exlraspinal, thoraac and 
(horacopehac muscles allow the de\elop- 
ment of lateral curvature ParaUtic cunes 
develop iii.idiou_l} sometimes long after 
the disease has subsided but unless 
promptK controlled upon inception Ihej 
ma} progre's rapidlv to great deformitj 
la these cases mequalilv in leg lengths and 
tilts of the pelvis due to abduction con 
tracture influence a pre-existing curve A 
«inaU but definite group «how, as eliologj, 
congenital abnormaltiies «uch as bemiver 
tebrae as«oaated with ab-ence or incom 
plete «egmentation of the vertebral bodies 
and ribs, torticollis and Sprengel s deform 
itv either a«<oaated with or as a part 
of the pnman cau>e of the deformitv 
Neurologic diseases sudi as Fnedreicbs 
ataxia muscular dvstroph}, «p3«tic para 
plegia or h}stena mav give ri^ to '^coliotic 
deformitv as maj al'O the consequences 
of disease such as the collap-e of the lung 
and contracture of the thoraac wall follow 
ingempvema In nckets the normal Mrcngth 
of the <pme mav be «o undermined as to 
allow postural and gravitational stresses to 
produce lateral curvature 

In full} SO per cent of the cases encoun 
tered however no cause for the deformitv 
can be determined ^^ost probable is the 
iheor} that «ome inherent mu.cular weak 
ness or skeletal or central nervous s>’5tcm 
defiaencv is the pnmar} factor in the in 
abilit} of the «pine to withstand the normal 
'trams required of it It is diflicult to dem 
onstrate thia lo a given case 


DLAGVOSIS, SAMPTOAIS AXD 
CLTMCAL COURSE 
Diagnosis Since the average scohotic 
patient does not apph for treatment before 
some deformit} is present, the diagnosis u 
m moct instances 'elf-evident Inver} earlj 
cases where there are, as } et, no 'ubjective 
^mptoms, evidence of the deformit} is a 
'light elevation of one shoulder a promi 
nence of the 'capula, a lateral fullness of 
one hip a prominence of the rib~ or an 
accidental roentgenologic finding In the<e 
earl} cases it is not the method of diag 
no-ing the condition but that of determining 
the clinical course that merits attention. 

S}’mptoms. In earlv childhood and on 
through adolescence, the existence of de- 
formit} IS often the onl} complaint As 
progress in the cune proceed, however 
there mav appear intermittent periods, of 
ache and fatigue in the deformed area, to 
either the convex or the concave «ide, and 
It IS increa e m growth and m the degree 
of cuA*ature that terminates m progres-ive 
'ubjective complaints and unsightl} deform 
lU The on.el of 'objective 'vmploms tnav 
apjjear at an} lime dunng the early penwl 
of the development of the cuA'e and is 
caused b} mu-cle strain tpon the cessation 
of progress of the deformitv and m ad 
vanang ase into the third and fourth dec 
3de» the mild '}-mpfoms increase and are 
replaced bv a vuriable amount of chronic 
fatigue and disabling pain, the later sub- 
jective nunife'tationa of muscle strain and 
progressive degenerative arthnlis Dunng 
childhood and }outh fleiibilitv is usuall} 
unimpaired, but occasionallv a predlspo^l 
UoQ lo arthntic degeneration and a 'edcn 
tat} life aid m the losS of flexibilit} at ai 
earl} age and in advanang }ears its loss 
ensues quite rapid!} 

WTien first seen, in an effort to designate 
an etiolog}, histor} of past illness should 
be obtained and for the purpo'e of de- 
tenmmng the clinical course of the de 
formitj, an accurate record of the ph}"' cal 
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findings (including neurologic examination 
where necessary), standing and sitting 
heights, measurements of the lower extremi- 
ties, and routine laboratory tests should be 
performed The natural standing posib'on 
and the effect of bending the spine in both 
directions should be inspected to estimate 
the flexibility of the spinal column, the 


and cosmetic record of the deformity, but, 
as shown by Ferguson, ° photographs and 
tracings alone are insufficient, as, in well 
compensated curves to 30°, surface con- 
formation of the thorax may be sufficientlv 
preserved to present no gross objective 
changes. By regular periods of observation 
and concomitant roentgen studies at -jix 



Fig. 157. (Ze/f) Protractor, for determination of angle of curve. 

Fig. 158. (Right) Protractor overlying film and superimposed on dorsal curve The end 
vertebrae, indicated by dots, are fifth dorsal and eleventh dorsal, and the apex eighth 
dorsal The measurement is seen to be slightly less than 45°. 


mobility of the curve itself, and to observ^e 
the influence of the curve on the shoulder 
girdie and pelvis and on the position of the 
trunk. Roentgen films of the spine, standing 
and lying, to reveal the relative flexibility 
of the spine, and lateral bending and pelvic- 
tilt views to determine, respeciiv’ely, the 
thoracic and lumbar spine flexibility and 
the spontaneous voluntary balance of the 
sacrospinalis and allied lumbar muscles, 
should be made. These further rule out 
or demonstrate developmental anomalies. 
Photographs should be taken for objective 


to 12-month intervals, the rate of progress, 
course, and symptomatic trend of the curve 
are determined. Spinal flexibility and good 
posture should be preserved through correc- 
tive exercises and surgical interference 
undertaken should the degree of deformity 
warrant it. 

Roentgenograms made in both the supine 
and the erect positions on a large film, from 
the fifth lumbar up, are the only reliable 
means of recording the deformity; their 
comparative difference in degree indicates 
the minimum amount of flexibility'. As 
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stated bj Ferguson,® the amount of cune 
sho'wn in the roentgenogram is best ex- 
pressed b> a measurement called the angle 
of the cur\e, determined by the use of a 
protractor (Fig 157) That \ertcbra at 
each end of the cur\e which is nearest to 
neutral and unrotated is selected as the end 
^ertebra, that vertebra which most ro- 
tated and at the crest of the curt e is selected 
as the apex. In each of thc'C vertebrae the 
center of the shadow of the bodj is marled 
and lines are drawn from the apex to the 
ends, with the protractor placed over the 
film The angle of the curve IS the difference 
between the resulting angle formed by lhe<!e 
two lines and 1S0“ (Fig 138) 

Clinical Course Dhoruitv This is ex 
ceedinglj variable Onset maj occur in in 
fancj, (iildhood, or adolescence, progres> 
maj be more or less steady or intermittent, 
rapid or slow, and the deformitv ma> stop 
as a mild but stationary cune «oon after 
onset or progress to a severe stage bj the 
time of termination of spine growth Growth 
studies have been made, however, by Ri»»er 
and Ferguson,* eliminating, in large meas 
ure, uncertainty m the natural deforming 
course of scoliosis They have shown that 
the increase in curvature stops only upon 
the cessation of vertebral growth It has 
been determined that ultimate growth in 
vertebral height is attained by girls at or 
before the age of 16 the average age being 
14 by boys, at or before the age of 17, 
the average age being 16 These studies have 
brought out that the period from six to 12 
m boys and six to II in girls is a period of 
comparatively slow growth Bunng this 
penod the curvature !:> relatively quie<ceDt, 
while in the succeeding penod of rapid 
growth practically all cases, exhibit rapid 
increase m the development of curvature 
The exception to this is in paralytic curves 
where, regardless of age, there is often rapid 
development with onset of the deformity 
very early after the acute attack. 

Syuptous The natural symptomatic 
course of curvature of the ‘pme is quite 


variable and it is doubtful whether any 
constant, positive entenon is nv^allable 
However, as previously stated, it is believed 
that the symptom of a rather diffuse, not 
well localized area of fatigue or ache occur 
ring during or ‘MJon after adole<wnce is 
definitely of muscle-strain origin, whereas 
the pain occurring in the third and fourth 
decades of life, very often assoaaled with 
well localized areas of tenderness, para 
<ipiQal muscle spasm, and roentgen evidence 
of a thin disk and arthritic lipping is (he 
result of either localized areas of degenera 
tive arthritis somewhere m the spinal 
column or of decompensation in transitional 
unstable types of lumbosacral joints (Natu 
rally, extroskeletal or extra^pjna! svmpto- 
mabc lesions must be ruled out ) 

Without entering into a di cussion of the 
mechanical and sv«temic pathologic factor 
that may contnbule to a progressive de- 
generative arthritis, it is sufficient to call 
attention to the additional stresses to which 
the mechanically unstable lumbosacral joint 
IS subjected when a pnmary or a com 
pematory cune causes, in 'id^iion, a tilted 
position of the fifth lumbar bodv (Fig IS9, 
right) on the upper surface of the sacrum 
Further, the dorsolumbar junction is an 
area of recognized vulnerability, and each 
lumbar joint distal to this point cames an 
added amount of torso weight which com 
bined with the normal lumbar ffexibilitv, 
permits much shift in vertebral joint rela 
tionships Tbe^e mechanical factors, assoa 
ated with lateral deviations of the lumbar 
«pine, in which there are further points of 
added stress at the ap^ and end vertebrae 
of the cun es, whether primary or secondary , 
indicate speafic anatomic points to which 
the presence of symptoms should direct 
attention Combined sacrospinalis muscle 
spasm and tenderness localized to a «ingle 
spinous process is often seen to correqxind 
to a rocntgen-evident site of localized de- 
genwative change (Rg. 160 A and B) and 
sin« these changes m the vertebral bodies 
and intervertebral disks in adults are often 
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seen to be disabling symptomatic lesions, 
obsenation and conservative treatment in 
growing children should include roentgen 
study in films primarily made for an 
estimate of the progress of the curve, to 
determine the degenerative course in prog 
ress Evidence of advance in these changes, 
together with mild symptoms even at a 


the compensatory lumbar curve, with its 
greater motion and weight bearing stresses, 
having undergone progressive localized de- 
generation m one or more joints, develops 
increasingly severe pain The futility of 
treatment directed to the asymptomatic 
primary dorsal curve readily can be seen 
(Fig 160 A and B) 



Tig 159 Osleo arthritic degeneration — fusion for pam (Le/t) Primary lumbar curve 
associated with osleo arthritic lipping and degeneration, with tenderness and pain local 
ized to this single degenerative area, fourth lumbar-fifth lumbar Fusion third lumbar- 
first sacral without correction completely relieved all symptoms 

{Rtglit) Incomplete sacralization assoaated with a tilted position of fifth lumbar body, 
in same patient 


comparatively early age, is a factor favor 
ing surgical intervention (Pig 160 C) It is 
through analysis of this kind that an effec 
tne approach is made to the selection of 
the proper area for fusion m advanced cases 
With disabling symptoms where surgical 
intervention without correction is enter 
lamed (Pig IS9) 

In this regard, a primary dorsal curve 
with a compensatory lumbar curve, usually 
of lesser degree, is often sj mptomless, and 


BASIC PATTERNS OF FULLY 
DEVELOPED CURVES 

Primary Cubvxs 

In idiopathic scoliosis, and in those cases 
of paralytic scoliosis in which the imbal 
ance is regarded as confined to the para* 
spinal muscles and whose behavior, there- 
fore, IS believed to be essentially the same, 
there are several distinct patterns of curves 
These can be classified by types into the 
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A 



B C 


Fic 160 Osteo-arthntic dcgeneratjon 

(A) I’nmarj nght dor«al with wondar> l<ll lumbar cur\c Tfn(Icmc<!5 and pain at 
site third lumbar fourth lumbar 

(B) After ueiRht r«?duction and ph>'«ical ihetapj trealment symptoms were relieved 
Note additional thinning of disk third lumbar-fourth lumbar after a three-jear interval 

(C) Female aged IS Slight wedging m bodies of both curves, Trtlh concaiesideslight 
thinning of intervertebral disks in both dorsal and lumbar curves and definite lipping at 
apes joints of lumbar curve 
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three major divisions triple, C shaped and 
S shaped cur\ es each of which, in its \-ari 
ations, gradually approaches the design of 
the other A departure from these designs 
and transitions appears to exist m the more 
severe paralytic scoliosis where imbalance 
is assumed to occur additionally in the ex 
traspinal trunk muscles as well as m the 
paraspinal muscles in this instance there is 
not only intrinsic instability m the spinal 
musculature itself, but also an instability 
of the «pine on the sacrum, causing a marked 
list of the trunk to the right or left 

In any etiologic group the basic design of 
the deformity is usually of multiple curves 
which tend to balance each other, at times 
succeeding m this tendency and at other 
times failing completely to accomplish this 
purpose These deviations are quite variable 
m their location and degree and are depend 
cnt upon whether, in addition to static 
effects a single group of muscle imbalance 
forces IS operating on a given segment of 
the spine, or whether these forces are 
multiple and affecting more than one por 
tion of the spine 

In both the triple and the C shaped types 
of curve which are much alike, the design 
of a single primary curve with a compensa 
lory curve above and below is a common 
pattern of deformity which vanes chiefly 
m the extent to which it may progress 
Followed through the growth period of the 
spine, Uiese basic patterns of triple and 
C shaped curv es may, as (hey develop be 
gradually transformed into an S shaped 
pattern of primary curve with compensa 
tory deviations above and below, in which 
the individual portions of the double curve 
are asymmetrical m length and degree and 
accompanied by lateral displacement of the 
trunk This asymmetry is perhaps caused 
by the difference m the time of onset in 
the growth period of the two separate groups 
of deforming forces but where imbalance 
factors are acting uniformly in opposite 
directions a syunmctncal type of curve de 


velops, one deviation often complet 1 n i 
perfectly balancing the other 
In the mild degrees of lateral devi 
m any of the basic patterns of curves 
spective of their type and location I 
balance is essentially undisturbed Ii i 
triple or C shaped curves or in the 
metrical S shaped curve as progre t k 
place in the deformity demands are i j i 
for compensatory curves in an atteni t 
balance the body WTien these deman i 
fully met complete balance occurs wh 
the demands for compensatory curve ^r 
completely unanswered the greatest 1 
formity occurs Intermediate degrees of cie 
formity consistent with the varying degr 
of response to the demands for compeus 
lion occur, but seldom does the curve Ih i 
develops m response to the demands for 
compensation become as great m degree as 
the primary deforming curve Therefore in 
the moderate and marked degrees of de 
formity m the C shaped or triple design of 
curves each added degree of deformity 
usually causes greater lateral trunk dis 
placement shoulder or pelvic asymmetry or 
chest and lumbar muscle asymmetry On 
the other hand in the symmetrical double 
or S shaped primary curve, with its short 
compensatory curves above and below in 
varying degrees of progress, body balance 
IS well preserved even though thi* deformity 
may be quite marked 
The extraspinal deformities assoaaied 
with spinal curves consist chiefly of asyTU 
metry m the shape of the thorax an asym 
metrical prominence of the lumbar ‘spinal 
muscles, a difference in the level of the 
two shoulders a real or apparent difference 
MI the level of the iliac crests, lateral 
prominence of the hips a right or left tilted 
position of the peKia or displacement of 
the trunk The different basic designs of 
deformities in their varyang degrees of 
seventy, determine not onK the extraspinal 
parts involved but al«o the degree of the 
deformity 



154 


SURGICAL TREATMENT OF SCOLIOSIS 


COMI'E^.SA■IOR^ CuRNtS AND 

Decompensation 

The spinal column, resting on the sacrum. 
Las the peh is as a fixed base A de\ lation of 
any portion of the spine from its vertical 
axis whether caused b> muscle or central 
nervous s>stem imbalance factors, jnstabili 
ties, contractures, or anomalous develop 
menls, is met bj a spontaneous effort of the 
unaffected sLeletal trunk muscles to mam 
tarn the balanced upright position of the 
trunk Under these conditions the demand^ 
for compensation made on anj area of the 
spine adjacent to a primarj curve are met 
by a compensatory response which varies 
from slight to complete 

The compensaiorj curve or curves, pres 
ent in response to a demand for bodj bal 
ance exist as (1) Slight curves in the 
opposite direction, often spoken of as re 
turns to the erect, (2) curves approaching 
somewhat nearer the degree of deformitj 
present m the primary curve, (3) curves 
almost equal to the primary curve, or (4) 
curves greater than the primar> curve, 
where, as Ferguson has described, an un 
stable lumbosacral joint, becau«e of its 
instability, may contribute an added fac 
ter of imbalance and lhcreb> permit addi 
tional lateral curvature 

The factors that make compensation pos 
sible are (1) A potential compensatory 

OTWi ■is TS \\!IA WXtN Xfi Vf/t ^iVTrCiTi 

curve, and (2) actual flexibilit} m the com 
pensalor> area with complete compensatorj 
response 

The factors causing decompensation are 
(I) A primary cun e encompassing so great 
an area that the short area of flexible seg 
ments above and below is unable to develop 
a compensator) curve (2) insufficient Sen 
bilitj m the compensator) areas, ( 3 ) ab 
sence in a strong but flexible «pme of n 
normal compensator) re<ponse Antiapat 
ing normal compensator) response, the 
degree of deformit) in secondat) curves is 
primarily dependent upon the seventy of 


the primary curve, although the> are 
usually slightly less sev ere unless influenced 
by other factors such as mequaht) of leg 
lengths, congenital anomalies, or an un 
stable lumbosacral joint 

Except where primary deforming factors 
m the same subject affect both the lumbar 
spine and the pelvis at the same lime, in 
which instance decompensation is present 
almost from the on«et of a defornulv, mild 
curves in an) group of spma! segments are 
compensated b) mild curves above and 
below m the opposite direction With a 
norma) compensatory respon«e, compensa 
tion 15 maintained during the progress in a 
primary curve as long as the degree of de 
formity in the primary curve does not 
exceed the range of flcxibilit) in the com 
pensalory curve WTien the primary curve 
through Its progress attains a greater degree 
of deformit) than the sccondar) curve 
the comparative Ies«er range of flexibility 
in the compensatory curve cau es an asym 
metr) at the extraspinal anatomic site 
affected, and the decompensation increases 
m severity m proportion to the relatite 
mequalitj m the flexibililj and the de- 
grees of the primar) and secondarj curves 
W here progress in the primarv curve is slow 
and the normally responding compensator) 
curve has an equal number of vertebral seg 
ments lateral balance between the pelvis 
thorax, shoulder girdle, and head will be 
maintained even though the «i)'mmetr> of 
the posterior thorax and lumber muscle 
areas has been lost WTien, however, prog 
ress in a primar) curve is rapid, or where 
the number of vertebral segments of e=scn 
tiall) equal flexibilit) available for compen 
sation IS less than that of the primar) 
curve, compensation will rapidly be lost 

loENTinCATIOV OF PbIUARV CuSVTS 

Roth physical signs and roentgen films 
arc used in this determination Films are 
made m standing and l)ing positions, bend 
ing views are taken with pressure exerted 
against both the convexity and concavity of 
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the curves and views in the sitting position 
with the pelvis tilted up first on one side, 
and, in the presence of a double compensa 
lory area, up on the opposite side TTiese 
comparative measurements of the standing 
and lying views reveal the minimum com 
parati\e flexibility in the primary curve 
while the bending views reveal the mini 
mum amount of correctibility in the curves 
The Views taken with the pelvis tilted 
against the convexity of a compensatory 
dorsolumbar or lumbar curve reveal the 
capaaty for spontaneous balance in the 
musculature controlling the compensatory 
curve Although flexibility is great in the 
young, that portion of the spine affected 
by demands for compensation exhibits a 
gradually decreasing flexibility almost from 
the time of onset This is a response to 
habitual position, which after long dura 
tion, becomes quite marked Usually the 
identification of the primary curve presents 
little difficulty, but as Ferguson*^ has 
pointed out in cases where there is any 
doubt, certain essential rules can be utilized 
as follows 

1 In the case of three curves, the middle 
one is usuall> primary 

2 The greater curve or the one toward 
which the trunk is shifted is the primary 
curve, except in those cases where the com 
pensatory curve is an overcompensation by 
reason of an anstabie lambac fvrtelna 
thus presenting a curve of greater degree 
than the primary dorsal curve 

^ The curve which presents the least 
comparative amount of fleNihilily and cor 
rectibilitj IS primary The following roenl 
gen study is made to aid in this delermina 
tion The pelvis is elevated on the side of 
the convexitj of the lumbar curve with the 
patient m the sitting position If this curve 
is compensatory it will tend to straighten, 
but if primary it will remain unchanged 
The comparative difference is flexibility in 
the dorsal and lumbar regions of the spine 
should be kept m mind when utilizing this 
rule. 
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The C-shaped primary curve with a com 
pensatory curve of essentially equal degree 
IS, m appearance, not unlike the double 
S shaped primary curve, the difference 
being primarily in the greater Qexibilitj m 
the secondary or compensatory curve The 
C shaped primary curve, combined with a 
compensatory curve of long standing in 
which much adaptive structural change has 
occurred, through its great loss of flexibility 
may be quite difficult to differentiate from 
the S shaped curve in which both curves are 
primary 

PATHOLOGY AND T^PES 
OF CURVES 

GeNERAI, PATUOtOev 

The normal erect posture of the spine 
with Its anterior and posterior curves is 
maintained in perfect balance by both the 
spinal and extraspmal muscle antagonists 
of the trunk These different, finely co 
ordinated muscle groups combine to perfect 
a well balanced support of each individual 
segment of the spine, maintaining thereby 
Its normal upright position The etiologic 
factors active in the loss of this fine muscle 
balance are single or multiple In their areas 
of attack nnd m their numerous variations 
make up the disturbed muscle combinations 
responsible for the several widely vinable 
anatomic types of curves The specific 
musefe groups affected ibetr singfeoess or 
multiplicity, the extent to which this muscle 
balance is disturbed and the time m spinal 
growth when it occurs appear to be the 
mam factors m the determination of the 
area of deformity , the rate of progress, and 
the seventy finally attained by the curve 
The two inherent factors constantly as 
sociated with structural scoliosis are lateral 
deviation and rotation, and their effects are 
seen not only upon the aspects of the ver 
tebral column and thorax but also upon 
the structure and conformation of the indi- 
vidual vertebrae and thoraac cage With 
the lateral bend of the column as a whole, 
the bodies of the vertebrae arc rotated to- 
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ward the come'xitj of the cur\e and the 
spinous processes point m the opposite di 
rectjon The strain of the malpo ition of 
the vertebral bodies creates gradual change 
m their appearance so that the vertebra at 
the apcT and the adjacent ones become com 
pressed and are wedge ehaped on the con 
cave 'iide of the curve As the deformtlj 
most marked at the apex of the curve, the 
vertebrae on either side of the apex are 
apt to be obliquely shaped while those pro- 
gressively toward the ends of the curve are 
apt to retain more nearly normal contours 
Within the vertebrae themselves there is 
al'o a structural rotation comadent with 
their outwardly deformed appearance so 
that the normal trabecular systems appear 
twisted and spiral shaped in all the involved 
vertebrae most markedly <o in those at the 
apex The intervertebral disks undergo 
similar compression on the concavity of the 
curve and the anterior spinal ligaments are 
thickened while on the convexity they are 
thinned and fibrous Mith severe deformitv 
these ligaments undergo ossihcation and 
eventual «pontaneou» fusion at the apex of 
the curve occurs 

In the dorsal area the rotated vertebrae 
carry the nbs with them <0 that there is 
backward projection and increa<ied angula 
tion of the ribs on the convex side of the 
curve and subsequent flattening of the rib 
curve on the concave side This deformity 
of the ribs is primarily a result of the spinal 
rotation but once deformed and more 
s eeply angulated on the convex side tbev 
exert counter pressure upon the vertebrae 
and so in their turn increa^ the deforming 
factors acting upon the spine In the lumbar 
area an elevation of the pelvis on the con 
cave side produces abnormal projection of 
the iliac crest but distortion of the pelvis 
does not usually occur unless the lower 
vertebrae and sacrum are involved in the 
curve 

Throughout the area involving the curve 
the muscles become atrophic and weak and 
show signs of fatty degeneration Becau'e 


of the deformity of the thorax the lung on 
the side of the convexity becomes com 
pressed while on the opposite «ide it may 
be hypertrophic The heart is displaced 
laterally toward the convexity of the curve 
as are the aorta and, occasionally to a slight 
degree the esophagus Due to abnormal 
pressure the intestines are crowded low in 
the abdomen and other organa are fre- 
quently displaced or misshapen In the 
dunges evident in the thorax 

Tvpes of Cures a\d Factors 
IS Treatment 

WTule the thoracic portion of the spine 
shows a predominance m the incidence of 
curves to the right, all portions of the «pine 
are subject to deforming forces operating to 
the right or left or both m the production 
of structural curvature Each anatomic por 
tion of the «pine presents a different prob 
lem ID relation to surgical therapy Lsually 
under consideration because of unsightly 
appearance the primary cervncodorsal and 
upper dorsal deformities as they progress 
present the difficulty of relative inflexibility 
due both to fixed deformity of the thoracic 
cage and m the more severe curves to an 
inability to force correction for fear of 
brachial plexus injury from too great trac 
tion in the jacket on the upper lever arm 
of the curve These factors combine to make 
surgical intenention indicated early in the 
<q>ina] deformity as a preventive against the 
incorrectible secondary thoracic-cage de 
formities as well as for correction of the 
curve The improvement attainable in 
moderate or severe deformity through cor 
rcclion and compen'sation is nevertheless 
usually very worthwhile Usually under con 
sideration because of thorxx and shoulder 
girdle asymmetry, at times combined with 
fatigue rather than pain the primary de- 
formities of the mid and lower thoracic 
spine «imibrly, are relatively inflexible and 
subject to limited correctibility, lut have 
the advantage of a somewhat more effective 
response to the corrective wedging jacket 



PRIMARY DORSAL CURVE i5^ 

Naturally this does not jmply that delay in their development comparatnelv earlier 


surgical intervention should extend far be 
jond the stage of moderate deformitj In 
the primary dorsolumbar and lumbar 
curves, under surgical consideration because 
of apparent asjmmetry of the iliac crests 
and lumbar muscle prominence, while the 
deformity is an important factor, the actual 
or potential pam because of degenerafne 
changes induced by the static factors acting 
in the lumbar spine is another very sig 
nificant consideration In compensatory low 
dorsolumbar and lumbar spine curves of 
moderate or marked degree, the v iilnerabil 
ity and symptomatic features are quite 
similar A tilted position of the fifth lumbar 
body, whether combined with an inherent 
structural instability at the lumbosacral 
joint, a spondylolisthesis, or other unsta 
hihzing abnormalitj, must be recognized 
and surgery must take care of all these 
lesions when symptoms warrant 

PRIMARY CERVICODORSAL AND 
HIGH DORSAL CURVES 

Cervicodorsal and high dorsal curves 
exist as mild, moderate, and severe deformi 
ties and are characterized by convex side 
elevation of the shoulder and upper ribs, 
posterior and lateral fullness of the upper 
chest, and scapular prominence due to pos 
tenor nb protrusion Lateral displacement 
of the upper thorax vanes with the amount 
of compensatory response in the lower dor 
sal and dorsolumbar spine Compensatory 
curves occur immediately above and below 
thepnmar\ ciir\e andm the opposite direc 
lion to It They range in degree from slight 
curves to those almost as great as the 
primary curve (Tig 161) Because of the 
rehlne inflexibility of even the normal 
thoracic spme, the rapid further loss of 
fiexibihly in the presence of structural 
change, and the relative ineffectiveness of 
the correction jacket m the higher areas 
correction of the primary curve and surgical 
intervention for fixation of the correction 
are indicated at a period m the course of 


than in primary curves in the lower area 
The head helmet type of correction jacket 
because of the additional bead stability it 
'provides, is the most effective correctivi 
implement 

The compensatory cervical cervicodrrsal 
low dorsal, and dorsolumbar curves spon 
taneously correct, when (he primary curve 
IS corrected, to the full extent of their 
flexibility or, if the demands for compensa 
tion are Jess than the full range of com 
pensatory flexibility, proportionally to the 
amount of correction obtained m the pri 
roary curve This response can be measured 
in the lateral bend and pelvic tilt films 
After completion of jacket correction ani 
fusion of a primary curve, if subsequent 
corrective exercises have failed to bring 
about complete reduction of the compensa 
tory curve, it is believed, though not fully 
proved that additional correction of this can 
be obtained by forceful wedging jacket 
stretching of the soft tissues which have be 
come short on the concave side of the com 
pensatory curves as a result of long con 
tiDued and habitual position 

TREtlARY DORSAL CURVE 

Occurring far more frequently than any 
other type is the single primary right dorsal 
curve of idiopathic origin (Figs 173, 175, 
IS7), involving the central or the loner 
two thirds of the thoncic portion of the 
spine It occurs in varying degrees of sever- 
ity and the compensatory responses vary 
from the slight to extreme examples of 
symmetrical and isyamnctrical patterns of 
S shape and triple curve type The asym 
metry of the thoracic cage, characterized 
by a posterior protru'vion of the ribs on the 
convex side scapular prominence, and a 
concave side recession in the wall of the 
thorax has when adequately compensated, 
almost sy mmetncal balancing secondary 
lumbar deformities represented by lumbar 
•spinal mu«c!e prominence and apparent 
slight iliac crest asyanmetry A variable 
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Fjc 161 High nsbtdonal curve — aged 17,i(]iopaUuc 

(A) Right dorsal curve second dorsal-eighth dor«al apex fifth dorsal la 55®, with a com 
pensatory lumbar curv e eighth dorsal-second lumbar of 28® 

(B) I'reopcrative photograph showing upper right trunh displacement 

(C) CorrectioB of curve to 4J® and fusion 'cveiith cersical to tenth dorsal Because of 
tendency usually shown in this (jpe of cune to rapid loss of fleaibility, early correction and 
fusion IS advoatfd 

(D) Deapitetheiimitedamountofcarrectiongauied an excellent clinical result was obtained 
by better alignment and extension of fu»ian into compensatory areas above and below curve, 
an alignment through correction and compensation 




PRIMARY DORSOLUMBAR CURVES 


amount of right lateral trunk displacement 
with correspondingly less secondary lumbar 
asjTnmetry accompanies the lesser degrees 
of primary cur\e or those incompletely 
compensated Surgical treatment should be 
preventive The tendency is toward rather 
rapid loss of flexibility, and in the correc 
live effort in the patient with the full 
grown thorax the greatest benefits are de 
rived bj balancing lateral displacement 
rather than by correcting the posterior nb 
and scapular prominence In the growing 
child correction of the curve is followed by 
some degree of spontaneous restoration of 
chest symmetry The left dorsal curve of 
far less frequent occurrence is quite similar 
m all its features 

The mild short primary curve m the 
thoracic area m which only a few vertebrae 
are involved is often well compensated 
until the hter more severe stages of the de 
formity at whicli time it appears as a 
U shaped curve, less well compensated, and 
often causing considerable lateral displace 
ment of the thorax toward the side of the 
convexity Hiere is marked and rapid loss 
of flexibility with extreme rotation and 
correction is obtained with great difficulty 
Convex side spinal muscle prominence is 
evident to various degrees and the iliac 
crest on the concave side is at times promi 
nent because of the compensatory lateral 
rfrspfacemenC of fhe trunk Simifar to the 
sitciatfon^ in (he high dorsal curves, fixation 
of these dorsal deformities, immobilized as 
they are by the rib cige, occurs early, and 
early surgical intervention should be prac 
ticed as a preventive before any appreciable 
asjmmetrj Is evident if any considerable 
period of further growth is to be expected 
(Fig 162) Irrespective, however, of the 
degree of the deformity, much benefit can 
be derived through correction and compen 
«^tion followed by surgical fixation Similar 
V shiped imbahnce deformities occasion 
ally develop in the low dor<^l and lumbar 
«pinc 

Usually, after jacket correction of the 
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pnmary dorsal curve in the fairly young 
patient, the more flexible compensalorj 
lumbar ipine spontaneously achieves the 
maximum amount of correction obtainable 
This response can be depended upon where 
the preoperative compensatory curve is 
slight or moderate, and the deformit> con 
sists chiefly of a moderate shift of (he trunk 
to the side of the primary curve UTiere 
the compensitor> curve is marked and of 
long duration, only a limited •'pontaneoua 
correction is possible because of contracture 
of the concave side soft tissues and at 
times actual adaptive structural change in 
the vertebral bodies and intervertebral 
disks, especially at the apex of the curve 
Tailure to correct the compensatory curve 
and the pnmary curve to the same degree 
is clinically evident m the visible elevation 
and prominence of the iliac crest on the con 
cave side of the compensatory curve It 
can be avoided by limited the forced jacket 
correction of the pnmar> cune to the same 
amount as that shown to he spontaneously 
present in the compensatory lumbar curve 
as seen in the pelvic tilt views Should more 
correction of the pnmar> curve than this 
be done, the compensatory curve will re 
roam greater in degree than the corrected 
primary curve, with consequent prominence 
of one hip or a shift of the trunk toward 
the convexity of the primary curve If suf 
ftcteatiy clefocming, after foirg cceTeci»e 
exercise effort, forceful correction of the 
structurally involved compensatory curve 
in the wedging jacket and extension of the 
fusion as m double primary curves mav 
be necessary 

PRIMARY DORSOLUMBAR 
CURVES 

While curves in this area may start at 
(he midthoracic spine and occasionally ex 
tend to include the fifth lumbar and the 
sacrum, the curve involving six or seven 
joints approximately from the eighth dorsal 
to the fourth lumbar, is most common The 
apparent elevation of the iliac crest on the 
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Fic 162 Pntiurj riRht dorsal cune — a^ed 14, idiopathic 

(A) There IS a right cur>c, fourth dorsal tenth dorsal, apex ‘=e^cnlh dor«il, of 41" standing 

(B) Note ^erc decompensation (right lateral trunk dispbcement) 

(C) Correction to 21® and spine fusion fourth dorsal-cle\enth dorsal There u incomplete 
but adequate decompensation of compcns3tor> cune, Kbich is stationary at 30®. 

(D) Despite quite mcoroplcte spontaneous rediKtioQ of compensatorj cur\t, ctsmetic result 
IS excellent 


PRniARY DORSOLUJrBAR CURVES 

B 



Tic 163 Pninary doisolumbar cune — aged 13, idiopathjc 

(A) Cur\e is 30°, se\enth dorsal-fourth lumbar, with apex at twelfth dorsal 

(B) Prominent hip m left dorsolumbar curve Apparent elevation of hip is a common 
finding in curves extending low »n lumbar area 

(C) Postoperative correction to 4° Pusion seventh dor*al fourth lumbar 

(D) End result five years later Curve is stationary at 4° and is unnoliceafale Cosmetic 
result IS excellent 

concave side is the early ph) sical evidence The spine above usually returns to the 
of deformity, followed by convex side erect, though var>ing degrees of true com 
dorsolumbar spinal muscle prominence and pensator> curve with or without evidences 
lateral trunk displacement, each of which of structural change are ob«erved, none of 
increases directly in proportion to the dc which, as a rule, is sufficientl> deforming 
gree of curvature and its excursion down or potentially sjmplomatic to warrant con 
ward cern Below, the fifth, fourth, and third 
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lumbar segments usually have adequate 
combined flexibility and pro\ade a great 
amount o! compensation The lower the 
limit of the primary curve, the less pro- 
portionally IS the compensatory response 
and the greater correspondingly is the de 
compensation 


amount of correction and derotation is po« 
«ible (Fig 163) 

PRIMARY LUMBAR CURVES 
The«e are associated with convex side 
lumbar muscle prominence and usually an 
apparent lateral fullness and elev’ation of 




B 


C 



Tie 164 Primary lumbar 
curve — acetJ 14 idiopathic 

(A) Right curve fifth 
dorsal-ele\enlh dorsal apev 
eighth dorsal to SO* with 
left curve cle\cnth dorsal- 
fifth lumbar, apex second 
lumbar, 70* Marked till of 
fifth lumbar body on first 
«acral 

(B) Left tilt of pelm 
Left curv e corrects to 60® 

(C) Right bend view 
Right curve corrects to 30® 

(D) Lumbar curve cor 

U E rection to 45® 36 weeks after 

operation 

(E) Area of delayed union twelfth dorsal-first lumbar, terminating m solid fusion, after 
additional loss of correction, lumbar curve is solidly fused at SS® with trunk balanced 


Because of its greater normal flexibility, 
a better comparative prognosis can be 
offered in the more sev ere curv es in this area 
than ID the less flexible areas, since a larger 


the iliac crest on the concave side The 
«hift of the trunk, to Uie comer side ap- 
pears early m the development of the curve 
Tilted fifth lumbar vertebrae, due cither to 
muscle imbalance, to developmental lumbo- 
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sacral instability, or to developmental tilt 
of tie superior surface of tie sacrum, exert 
a corrective or exaggerating influence on a 
coincident primary lumbar curve 

Just as the primary dorsal curve may 
have a compensatory lumbar curve v^hidi 
IS so slight that it appears as a mere return 
to the erect in the lumbar spine, so the 
primary lumbar curve exhibits often a 
similar response in the dorsal spine In the 
form of a very mild curve or a return to the 
erect The compensatory dorsal curve, how 
ever, vanes greatly and may approach in 
degree the primary curve It has a much 
greater tendency, because of its lesser flexi 
bility, to resist the demands for compensa 
tion and appear as a curve of definitely 
lesser degree 

Because of the natural flexibility of the 
lumbar spine, jacket correction of a lumbar 
primary curve is usually great and attended 
With an appreciable amount of derotation 
so that the lumbar muscle prominence is 
completely or largely overcome The promi 
flence of the iliac crest is, similarly, over 
come through the lateral replacement of the 
displaced lower thorax and subcostal area 
(Fig 164) 

rriTH LUAIBAR TILTS 

Tilt of the fifth lumbar vertebra may be 
the result of an anomalous developmental 
shape, or of a tilt of the upper surface of 
the sacrum, or it may exist as part of a 
primary lumbar or total JumbodorsaJ curve 
due to muscular imbalance Because of 
fifth lumbar imbalance factors, it ma> also 
assume a tilted position at the lower end 
of a compensatorj lumbar curve The 
amount of the tilt and its severity are de 
pendent on the degree of anomalous de- 
velopmental deformitj in the vertebra it 
self, on the degree of developmental till to 
the upper surface of the sacrum, and on the 
relative instability present m the different 
tjpes of structurally unstable lumbosacral 
joints The various factors involved require 
careful analysis 


Unstable Lumbosacral Joint 
I In Lumbar Curves Secondary to 
Fifth Lumbar Tilt (Fig 165) Associated 
with a laterally deviated position of the 
lumbar spme, at times, is a tilted position 
of the fifth lumbar vertebral body on the 
level upper surface of the sacrum, m which 
the pelvis, tilted against the curve, reveals 
almost full correctibility of the lumbar 
curve Because of this latter fact, the devia 
tion in the lumbar spine has been regarded 
as a compensatory curve, secondary to the 
lateral tilted unstable fifth lumbar vertebra 
The gross deformity is essentially the same 
as in the primary lumbar curve, though its 
physical and x ray diagnostic features are 
those of a secondary curve 
Correction is directed toward alignment 
of the upper surface of the sacrum with the 
tilted fifth lumbar (occasionally included 
fourth lumbar) body by means of a jacket 
applying the corrective force to overcorrect 
the compensatory lumbar curve When 
alignment is thus obtained, spinal fusion 
fifth lumbar to first sacral (fourth lumbar 
to first sacral where alignment necessitates) 
is performed and the position is maintained 
in a wedging jacket support for 12 weeks 
and occasionally for 16 weeks if the fourth 
lumbar has been included in the fusion For 
reasons not understood, the corrected posi 
tion of the aligned fourth lumbar and fifth 
lumbar segments is usually not completely 
retained postoperatively, and consequently 
a residual lumbar curve of some degree per- 
sists ITie exact final amount of impTO\e 
ment through jacket correction and fusion 
in the type of curve here described is thus 
somewhat indeterminate, though the pro- 
cedure IS regarded as well worth doing when 
the symptoms and the seventy of the de 
fonruty warrant its use Further studies of 
this type of curve are being made in the 
expectation of determining a regime that 
Will maintain complete correction and 
thereby eliminate completely the residual 
compensatory lumbar curve 
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lumbar segments usually have adequate 
combined flexibility and proWde a great 
amount of compensation. The lower the 
limit of the primary cur\'e, the less pro- 
portionally is the compensatory response 
and the greater correspondingly is the de- 
compensation. 


amount of correction and derotation is pos- 
sible (Fig. 163). 

PRIMARY LUMBAR CUR\'i:S 
These are assoaated with contex side 
lumbar muscle prominence and usually an 
apparent lateral fullness and elevation of 



operation 

(E) Area of delajed union, twelfth dorsal-first lumbar, terminating in solid fusion, after 
additional loss of correction; lumbar curve is solidly fused at 35” with trunL balanced. 


Because of its greater normal flexibility, 
a better comparative prognosis can be 
offered in the more severe curves in this area 
than in the less flexible areas, since a larger 


the iliac crest on the concave side. The 
shift of the trunk to the convex side ap- 
pears early in the development of the curve. 
Tilted fifA lumbar vertebrae, due cither to 
musde imbalance, to developmental lumbo- 
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sacral instability, or to developmental tilt 
of the superior surface of the sacrum, exert 
a corrective or exaggerating influence on a 
coincident primary lumbar curve 

Just as the primary dorsal curve may 
have a compensatory lumbar curve ivhidi 
is so slight that it appears as a mere return 
to the erect in the lumbar spine, so the 
primary lumbar curve exhibits often a 
similar response in the dorsal spine m the 
form of a very mild curve or a return to the 
erect The compensatory dorsal curve hov\ 
ever, vanes greatly and may approach in 
degree the primary curve It has a much 
greater tendency, because of its lesser flexi 
bility, to resist the demands for compensa 
tion and appear as a curve of definitely 
lesser degree 

Because of the natural flexibility of the 
lumbar spine jachet correction of a lumbar 
primary curve is usually great and attended 
with an appreciable amount of derotation 
so that the lumbar muscle prominence is 
completely or largely overcome The promi 
nence of the iliac crest is, similarly over 
come through the lateral replacement of the 
displaced lower thorax and subcostal area 
(Fig 164) 

FIFTH LUMBAR TILTS 

Tilt of the fifth lumbar vertebra may be 
the result of an anomalous developmental 
shape, or of a tilt of the upper surface of 
the sacrum, or it maj exist as part of a 
primary lumbar or total lumbodorsal curve 
due to muscular imbalance Because of 
fifth lumbar imbalance factors, it ma> also 
assume a tilted position at the lower end 
of a compensatory lumbar curve The 
amount of the tilt and its severity are de 
pendent on the degree of anomalous de- 
velopmental de/ormitj m the vertebra it 
self, on the degree of developmental tilt to 
the upper surface of the sacrum and on the 
relative instability present in the different 
tjpes of structurally unstable lumbosacral 
joints The various factors involved require 
careful analj-sis 
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Unstabu: Lumbosacfai. Joint 
1 In Lumbar Curves Secondary to 
Fifth Lumbar Tilt (Fig J65) Associated 
With a laterally deviated position of the 
lumbar spine, at times is a tilted position 
of the fifth lumbar vertebral body on the 
level upper surface of the sacrum m which 
the pelvis tilted against the curve reveals 
almost full correctibility of the lumbar 
curve Because of this latter fact the devia 
tion in the lumbar spine has been regarded 
as a compensatory curve secondary to the 
lateral tilted unstable fifth lumbar vertebra 
The gross deformity is essentially the same 
as m the primary lumbar curve though its 
physical and x ray diagnostic features are 
those of a secondary curve 
Correction is directed toward alignment 
of the upper surface of the sacrum with the 
tilted fifth lumbar (occasionally included 
fourth lumbar) bodj b) means of a jacket 
applying the corrective force to overcorrect 
the compensatorj lumbar curve When 
alignment is thus obtained spinal fusion 
fifth lumbar to first sacral (fourth lumbar 
to first sacral where alignment necessitates) 
IS performed ind the position is maintained 
m a wedging jacket support for 12 weeks 
and occasionally for 16 weeks if the fourth 
lumbar has been included in the fusion For 
reasons not understood the corrected posi 
tion of the aligned fourth lumbar and fifth 
lumbar segments is usually not completely 
retained postoperatively and consequently 
a residual lumbar curve of some degree per 
sists The exact final amount of improve 
ment through jacket correction and fusion 
in the type of curve here described is thus 
somewhat indeterminate, though the pro- 
cedure IS regarded as well worth doing when 
the symptoms and the severity of the de 
formity warrant its use Further studies of 
this type of curve are being made m the 
eicpectation of determining a regime that 
Will maintain complete correction and 
thereb> eliminate completely the residual 
compensatory lumbar curve 
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Fig 165 I iftb lumbar tilt due to lumbosacral instabiUy 

( \) As>Tnmetncal arch articulations f fth lumbar to «acrum with fifth lumbar body lilted 
to an angle of 13® on sacrum a compensator cur\e is present abo\e cl«cnlh dorsal fourth 
lumbar apex «econd lumbar 35® 

(B) ith left peh 1 C tilt dorvilumbar deviation corrects full^ 

(C) Fifth lumbar bod> al gned on sacrum in a wedgmg ja^cl 

(D) Postoperative end result Fifth lumbar body tilted 6® Compensator} dor^lumbar 
curve 22* and pchac s>'rametrj great!} unproved b} lateral replacement of displaced thorax 
\ good cosmetic result 
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2 In Primary Dorsolumbar and Lum 
bar Curves (Fig 164) The tilted position 
of the fifth lumbar vertebra accompanying 
a primary muscle imbalance of the lumbar 
or liimboclorsal spine varies in direct pro 
portion to the seierUi of the curve and the 
degree of intrinsic lumbosacral instabibty 
Often because of long duration or growth 
changes it becomes quite fixed m an ex 
tremely oblique position The capacity for 
compensation is materially decreased by the 
stability of internal external articulations 
at the lumbosacral junction and is greatly 
enhanced by an unstable fifth lumbar \er 
lebra with anteroposterior facets The 
cuav :s chtnciemed by prominence ol Oie 
lumbar muscles on the convex side and hio 
prominence on the concave side of the cun ^ 
developing early m the deformity ani 
progressing to rather marked degrees in the 
moderate and severe curves Correction can 
best be accomplished b> bending the jacket 
in the direction of the lumbar curve align 
mg the curve as low as the fourth lumbar 
and following with fusion After this fused 
area is solid if residual he! of pelvic bal 
ance necessitates the spine should be bent 
m the wedging jacket m the opposite direc 
tion to align the lower end of the fusion 
vritli the level pelvis This type of curve 
has been treated in two instances by divid 
ing the Wedging jacket transversely at the 
apex of the curve and manually shifting and 
tilting the pelvis through the divided sec 
tion 

3 In Secondary Curve Decompensat 
tng Because of Instability or the Tilted 
Position of Fifth Lumbar A compensa 
tory lumbar curve is at times greater than 
the primary dorsal curve when fifth lumbar 
instability causes an increase m the de 
formity A tilted fifth lumbar vertebra with 
the internal external tjpe of articulation 
should correct spontaneously in proportion 
to the amount of correction induced in the 
primary curve unless influenced bj see 
ondary structural changes The anteropos 
tenor and as>mmetrjcal iyp& of arlicula 


tion with or without spond}loli«thesis and 
with inherent mstabihtj m the fifth lumbar 
vertebra progresses to greater deformity 
and may necessitate subsequent alignment 
of the pelvis by wedging jacket to obtain a 
compensated pelvis and a satisfactor> total 
balance of the trunk Tilt views and fifth 
lumbar senes (anteroposterior lateral and 
45") usuallj predetermine this need 

Wedccd or Anomalous Fifth 
Lumbar Bodies 

Among the numerous transitional tjpes 
of lumbosacral joints is the type with the 
malformed fifth lumbar body (Fig 159 B) 
in wktek tbe upper suelace is developed in 
a tilted position to the right or left necessi 
tating a compensatory lumbar deviation and 
producing objectively lateral trunk shift 
and apparent elevation and lateral pro 
trusion of the iliac crest and the appearance 
of a tilted pelvis ^ 

As in the frankly unstable and tilted 
though normal shaped fifth lumbar bodies 
correction is obtained by exerting a correc 
tive force in the direction of exaggeration of 
the compensatory lumbar segments thereby 
aligning the superior surface of the sacrum 
with the fourth or third lumbar segment 
Fusion will thereafter maintain the aligned 
position and the compensatory curve will 
normally dimmish in proportion Body 
alignment postoperatively is excellent In 
the third and fourth decades of life fusion 
without correction for pam due to localized 
osteo arthritic degeneration is occasionally 
indicatetl (Fig 159) 

S SHAPED CURVES 
SI^CLE Primary 

At limes the vertebral column is afiected 
by a single group of deforming forces 
producing a single component primary 
S shaped curve The combination of a s nglc 
group of deforming forces affecting roughly 
any portion of the upper or lower half of 
the dorsolumbar spine vvith normal com 



166 


SURGICAL TREATMENT OF SCOLIOSIS 



Fig 166 As>inmetncal double primarj cune — aged 12 

(A) Preoperatnely right dorsal cur\e fourth dorsal ninth dorsal apCT sixth dorsal, is 33* 
standing Left lumbar curse is ninth dorsal fourth lumbar apex first lumbar, 58“ standing 
Fifth lumbar tilted 15“ on first sacral the fifth Iiiinbar instability an additional etiologic factor 
in dorsolumbarcune 

(B) There is moderate trunk as>'mmetry 

(C) Postoperalivelj, fusion «olid third dorsal tenth dorsal 26* Note failure of rigid left 
lumbar curve to decompensate and an increase of deformity m lorver curve to 65* stand ng 

(D) Correction of lumbar curve to 40’ and extension of fusion to third lumbar vras 
performed 

{Conimued oh n**t fas*) 
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pen<ytory response, produces a relatjwly primary curves 'iVhen multiple, the deform 
symmetrical single primary S shaped curve mg forces may be equil or unequal and 
^Vhere compensatory response is apprea opposite in their deforming effect and time 
ably less thin the amount in the prunaiy of onset The end result is, at times, a sym 
curve, an asymmetrical S shaped curve is metrical S shaped curve and, at other times 
present In normal response, where the an asymmetrical curve of similar design 
curve IS symmetncil, body balance is es (Fig 166) The mild symmetrical single and 
sentially undisturbed, while displacement double primary S shaped curve is essenti 
of the trunk or pelvis increases as the ally nondeformmg though in the moderate 
severity of the curves increases In dif- and marked deformities varying degrees of 
ferentiatmg single component from double thoracic cage, paraspinal muscle, shoulder 
component primary curves, lateral bending girdle and iliac crest asymmetry are evident 
views and pelvic tilt views offer helpful although little or no trunk displacement 
differential findings occurs The asymmetrical single and double 

In the S shaped curve, where one com primary S shaped curve is objectively es 

ponent of the curve is primary, that com sentially the same as the s> mmetrical curve 

ponent, as shown in bend or tiU views, has except for the inequality m length and de 
a comparatively limited flexibility and cor gree m the two components of the curve and 
rectibility, and is usually slightly greater in the addition of varying amount of lateral 
degree In addition it usually shows greater displacement of the trunk 
vertebral body rotation It may show con Symmetrical double primary S shaped 
cave side narrowing of apex area bodies and curves imply uniform imbalance forces oc 
disks If both are primary, each presents currmg in opposite directions, m which 
these findings Where one component Is these forces are operating on segments of 
compensatdry, each of the above features is the spme of essentially equal length, that 
distinctly less pronounced or absent Struc the time of their onset is the same and that 

tural changes in advancing years, duefly they are equal imbalance stresses, whereas 

a decrease in flexibility and correctibility, the asymmetrical design of the same curve 
appear with arthritic Ganges in both pri implies nonuniformity in any one or each 
mary and secondary curves and make dif of these factors The number of segments of 
ferentntion in symmetrical curves thereby the spine affected by deforming forces, the 
more difficult degree of inequality of these forces, and 

the duration of growth are the factors that 
Dcvifis determine the area and ubsign cf curve 

At other times, two separate groups of and its eventual seventy The amount of 
imbalance factors, operating m opposite compensatory response varies from slight 
directions on adjacent segments of the spine, to almost complete compensation and where 
create a double primary curve In rare in muscle power and flexibility are essentially 
stances, triple deforming forces appear ac normal and the compensatory curves are 
tive, making a proportional number of equal to or greater than the primary curves, 

(E) Note excellent alignment of trunk 

because of its quite marked (li«proportioiiate lesser degree of deformity, the thoracic com 
ponent of this double primary S shaped curve, initially treated, surgically, may be interpreted 
as a secondary curve with quite marked structural change Irrespective in Fig 188, thedorso 
lumbar component of a similar asymmetrical double pnmarj S shaped curve, treated surgically, 
was followed bj no thoracic decompensatory response The good cosmetic result, boirever, in 
the latter case, indicates in thu ty^ of curve the method of approach most likely to give a 
satisfactory cosmetic result by a single procedure 
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Fio 167 S>'minctncal double ptwnarj S-«h3ped cun e 

(A) Preoperatuc n^ht cune fourth dorsal tenth dorsal apex 'erenth dorsal 
37“ standing Left cur\e tenth dorsal fifth lumbar apex second lumbar SI* standing 

(B) Spine fusion fourth dorsal elesenlb dorsal xfter correction to 0* 

(C) Postoperative photograph and film «howing res dual defomiitj in distal com 
ponentof curve 

(D) Postopierative photograph and film ‘bowing end result after correction and 
supplementary fusion eleventh dor«3l-thrd lumbar and third lumbar first «acra] 
Inclusion of sacrum was necessitated bj low 1 mit of primarj lumbar component 
whidi would otherwise permit a residual lilt of pelvis 
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the absence of normal response is controlled 
bj factors not well understood Either com 
ponent of a double primary symmetrical 
S shaped curve can be selected for come 
tion and fusion and if the objecti\el> e\i 
dent end result improvement is not satis 
factory, f/ie ad/acent segment can be sub 
sequently corrected, aligned, the fusion ex 
tended, and the trunk thereby well balanced 
fFig 166) 

/Vs a rule, however, the part causing the 
greatest comparative deformity should be 
treated first in an effort to escape the correc 
tion and fusion of the second part, particu 
larly jf the deforming effects in the com 
ponent segment are not too great VVTiere 
the lower deviation of the double curve is 
corrected and fused first, its correction and 
fusion alone brings about a better trunk 
alignment It assures replacement of the 
laterally displaced trunk, thus restoring 
iliac crest symmetry, and removes motion 
from the greater weight bearing portion of 
the spine, where degenerative osleo arthritic 
changes have their earliest on«et and great 
est symptomatic effect (Eig 167) Through 
this approach the multiple benefits arc quite 
sinking compared to the lesser effect ob 
served in the form of somewhat improved 
general thorax shoulder girdle symmetry, 
but relatively unchanged posterior nb and 
scapular prominence, accomplished by in 
itnl correction of the dorsal curve On the 
other hand, because of its character and 
position and the natural flexibility of its 
dorsolumbar or lumbar component, initial 
correction and fusion of the dorsal curve 
offers, m addition to alignment of the 
thorax, the possibility of inducing apparent 
bahnee of the apparently unbalanced pelvis 
and prominent hip through the use of a heel 
lift Without further surgical interference 

PARALYTIC CURVES 
Because paralytic curves develop insidi 
ou<li, oftentimes during recumbencj and 
soon after the onset of the disease, all cases 
of poliom>eliti:> should be subjected to con 


slant and rigid observation of the spine 
In the earliest period of their development 
these curves present much fluctuation m 
area and direction but as follon up phjsi 
cal examinations and roentgenographic 
views are made from month to month 
deffflife structural deviations become ap 
parent Paralytic curves often progress rap 
idly, list of the trunk to the right or left 
IS frequent , their length and areas are quite 
vanable, though they appear in most in 
stances as long C shaped curves in wide 
spread and marked paralysis 
WTien warranted by severity or rapid 
progress, irrespective of age jacket correc 
tion should be applied and fusion performed 
as m the idiopathic types (Fig 168) In 
some instances m planning surgery allow 
ance must be made for inequality m leg 
lengths and atrophy of the buttocl^ by ex 
eluding one or two low lumbar segments 
from a fusion area, or, where hst of the 
trunk needs stabilization, by permitting a 
small amount of re'^idual Incomplete correc 
tion Severe abduction contracture of the 
hip IS an etjologic factor m the production 
of certain lumbir curves which may be 
corrected by abductor release Where im 
balance factors are multiple and spinal, and 
trunk muscle weakness is widespread, the 
inclusion of the pelvis m the fusion to act 
as a stable base for the maintenance of the 
erect balance position of the corrected and 
fused spine is quite often necessary 

CONGENITAL ANOMALIES 
A variety of anomalous developments in 
the spine, thorax, and shoulder girdle may 
appear with or cause lateral deviations of 
the spine In these cases there is no basic 
pattern, the natural course is seldom the 
same, and the deviations produced vary 
greatly Those of the vertebral bodies ap- 
pear as either single or multiple wcom 
plelely segmented bodies, adjacently or ir 
regularly placed, and associated with a 
variety of body shapes each causing a dif 
ferent design of curve Areas that include 
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Tjo 169 Hemivertebra causing scoliosis 

(Lejl) Hemivertebra at seventh dorsal-eighth dorsal Left dorsal curve 28“ Patient 
at age six 

{Center) Progressive scoliosis due to untreated hemivertebra 

(Right) Tragic result of refusal to permit sui^ical intervention Patients actual 
height IS tno inches shorter at her present age of 16 years than at age sit 



Fic 170 Congenital anomal> — male aged sk 

(Left) Hemivertebra between third and fourth lumbar vertebrae 

(Center) Hemivertebra removed and spine in process of wedging 

(Right) End result two years after correction and spinal fusion third to fourth lumbar 







CONGENITAL ANOMALIES 


171 



Fig 169 Hemivertebra causing scoliosis 

(Lc/O Hemivertebra at seventh dorsal~cighth dorsal Left dorsal curve 2S® Patient 
at age six 

(Center) Progressive scoliosis due to untreated hemivertebra 

{Riskt) Tragic result cf refusal to permit surgeal inter\enton PsUents actual 
he ght IS two inches shorter at her present age ol 16 years than at age sit 



Fig 170 Congenital anomaly — male aged six 

(Leji) Hemivertebra betneen third and fourth lumbar lertebrae 

(Center) HemiNcrlebra removed and spine in process of wedging 

{Right) End result tno years after correction and spinal fusion third to fourth lumbar 
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Fig 171 ScoUo^is assooaUd with un«egin«t\l<d bod»es and nbs—Iemale ap;ed tvso 

(A) Multiple anomalies are pre^nt causing a 28® right dorsal cur\e sixth dorsal- 
first lumbar apex n nth dorial 

(B) 0\cr a sLx > ear period the deformity has increased to 44“ Correction of scoliosis 
IS impo^ible without remoxal of ribs 

(C) Remosal of nbs performed prcMousto wedging jacket correction and spine fusion 

(D) Postoperatne end result After remoxal of unsegmented nbi maximum correction 
at 32“ was achieved and spine fusion carried out fourth dorsal second lumbar 

(E) Postoperative cosmetic result 

onl> two or three bodies not greatlj mal Ijpe of abnormality, Ihe need for correction 
shaped are not likel) to cause much curva and fusion of the compensator) cunc to oI>* 
ture, but deformities that extend over a tain body balance must await completion of 
fairlj large area and are quite fixed and spine growth 'Ircatmenl before completion 
assoaated with much trunk displacement of growth will usuall) terminate with in 
are capable of rapid progress In these the sufficient correction and a «everel> unbal 
onl> flexible and correctible curve is the anced tor«:o further correction being made 
compensator) unmvolved portion In this impossible b) the alrcad) fu«cd conipcnsa 
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tory portions This is an important factor 
m failure or success 

At times, hemivertebrae are quite sym 
metrically placed and balance each other 
in their gron tb effects These cases present 
no reason for surgery They may, however, 
be unilateral and single and cause rapid de 
formity (Fig J69) These are cases for cor 
rection and fusion either before or after 
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tehra, however, the progressive deformity is 
usually greatly retarded IVhen correction 
and fusion are performed after removal of 
the hemivertebra complete arrest of the 
deformity and at times complete correction 
of the deformity can be accomplished (Tig 
170) 

Among the deformities of the ribs are 
those in which fusion or failure to segment 



Fig 172 Sprengels deformity surgically treated — aged five 
(Left) Congenital anomalies are present in upper thoracic spine causing a mild left 
upper dorsal cur\e Note high position of right scapula 

Slight increase in curve Note symmetrical position of scapulae fne years 
later Excellent cosmetic rrault See also Chapter I 


excision of the anomalies The efforts of 
von Lackum and Smith®® to correct scolio>is 
due to hemivertebrae b> excision and sub 
sequent jacket corrective treatment, while 
cmbodjing a most formidable procedure 
have proved successful in the lumbar area 
in the dorsal area because of the technical 
difficultj of controlling hemorrhage and the 
lack of either satisfactory structural or cos 
metic improvement, the operation appears 
of no value If correction and fusion are 
done without the removal of the hemiver 


arc often associated with similar deformi 
lies m the vertebral bodies, constituting n 
fixed though correctible deformity of the 
bodies Correction may be gamed m a pro 
gressive curve of this nature through 
plaster jacket wedging after complete ex 
asion of the deformed and unsegmented 
nbs (Fig 171) High dorsal deviations of 
the spine associated with Sprengels de- 
formity and torticollis require only ap- 
propriate treatment for the primarj condi 
Uons (Fig 172) ^^ben in severe mcor 
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rectible deformity, the eleventh and twelfth 
ribs impinge on the iliac crest and cause 
pain, they should be resected Rib resection 
for cosmetic purposes in the sharply pos- 
teriorly angulated ribs is impractical be- 

A 


jet questionable, stretching of the spine and 
a system of sjTnmetrical body exercises will 
aid greath in increasing the flexibility of 
the spine should the patient later be sub- 
jected to correction. IMiether determined 

B 



Set ere 

1 '• primarj'dorsalcui^c 

JH^pl 

> \ / ^P lumbar, apex ninth 

. \ I .'I t1or<al, 80® stand- 

' *- ^ j k I 'B ^1° sitting. 

Jl > M i B Photograph 

J^a ^ -1 before correction, 

^^P||& { wf a V compensation and 

^ S V ■ spinal fusion 

^^BB w f\ 1 (C) Postopera- 

Ine correction to 

P ~ _ 57® andfusiontbird 

^ ^ dorsal-first lumbar. 

(D) Po5toperati\e co-mclic result. The great benefits amiable to late cases through correc- 
tion, compensation, and surgerj’ are here clearly shown 




cause of its formidable nature and Its 
limited benefits. 

INDIDVTIONS FOR SURGIO\L 
INTERVENTION 

In patients for whom surgery is being 
considered or where surgical indications are 


upon at the initial \-isU or after obscrx'ation 
and conseiwalue treatment, surgery be- 
comes indicated in three major instances: 
(I) PfOgresshe cur\'aturc in a young and 
growing child; (2) curx-aturc with objec- 
tionable deformity and imbalance of the 
trunk, regardless of whether the patient is 
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Fic 174 Congenital right dor«al cur\e without anomalies — aged two, idiopathic 

(A) Right curve, present since birth filth dorsal— first lumbar, ape^ ninth dorsal, 
IS 66® sitting 

(B) Same cur\e as shown in (A), in lymgposilion, is 52® 

(C) Preoperatne photographs showing letcl pelvis and shoulders but marked promi 
nence of the right ribs posteriorly 

(D) Correction obtained, remains at 35® and spine fusion is continuous fourth dorsal- 
first lumbar 

(E) Sustained correction and excellent cosmetic result two years later are indications 
of de«irabi!itj of early surgical intervention and applicability of method in infancy 
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Fig. 175 Moderately se\ere neht dorul curve — aged 22 , idiopathic. 

(A) rnmarj- cunc fifth dorsal-twelfth dorsal, apex ninth dorsal of 69® with a 
compensatory left lumbar curve of 56*. 

(B) Preoperativc <cverc decompensation. 

(C) End result after maximum coneaion to 56* and fusion reinforced by tibial bone, 
fourth dorsal-first lurabai. 

(D) Postoperative photographs show results obtainable in severe curves largely 
through compensation. 
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withm or beyond the growth period (Fig 
173), (3) pam, fatigue, and poor chest 
ph>siology Vital capacity of the chests has 
been studied m a series of cases, and though 
the findings have sho^vn quite a %yide range 
of difference they have not thus far been the 
basis for any definite change in surgical 
therapy 

It IS well to keep in mind, when surgery 
is under consideration that correction and 
fusion are applicable to a much jounger 
group than is usually accepted Small diil 
dren tolerate the procedure exceptionally 
well {Fig 174) Similarly, fusion is appli 
cable in selected cases, to a much older 
group than is usually included since dimi 
nution of spin’ll flexibility is frequently 
not pronounced until the fourth or fifth 
decades and after a short period of adjust 
ment m a correctne jacket these patients 
undergo the treatment without discomfort 
(Fig 176) In advanced cases where flexi 
bility has largely been lost the objective 
IS to relieve pain and disability no efiort 
IS made to correct the deformity (Dg 159) 
Jacket correction and spine fusion are ap 
plicable to all others in whom the deformitj 
warrants it and m whom constitutional fac 
tors do not contraindicate it 
There are few contraindications to jacket 
correction and spinal fusion The mortality 
in spinal fusion for scoliosis is less than 1 
per cent since operative shock has been 
rowjrojxftd 'yjAa-’/w/g <vi. amaJk 'n. 
multiple stages Carried out in one two 
three, or four stages the procedure seldom 
produces an appreciable amount of shock 
Though a patient maj be very young or 
show the diminished vital capaaty of a 
severe poliomyelitis or an old empyema or 
a cardiac insufiiciency (the residual of sub 
«ided rheumatic heart disease) or be suffer 
ing from poor and unimprovmg general 
nutrition these cases may ordinarily be re 
garded as safe for surgerv carried out in 
this manner The avera„e ca«e in good con 
dition, m whom the average number of eight 
to nine joints is outlined for fusion, can 


safely be operated upon in two stages with 
a three week interval between stages, if 
blood <»unts reveal cytology that is sat 
isfactory 


SuKGicAL Treatment 
When, because of progressive deformity, 
severe established deformity or pam, sur 



Fic 176 (To^) rJevible dorsolumbar 
curve — aged 35 {Left) Preoperative 
photograph m female aged 35 years 
The 40® curve present is from ninth dor 
sal fourth lumbar apex twelfth dorsal 
(Rtglit) Posloperatively the cosmetic 
result IS excellent de«pile patient s age 
the curve because of extreme flexibility, 
was reduced to 17® 

Fic 177 (Bollom) Head helmet 
jacket 

gery becomes the treatment of choice the 
surgeon is confronted with the two-fold ob- 
jective of the return of the di«placcd por 
tions of the >5pine and thorax as nearly as 
possible to their normal anatomic positions, 
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or lo an equj\-alent in balance and the per 
manent maintenance of this correction after 
all support has been abandoned In mild 
cases with a single pnmar\ cur\e almiKt 
complete correction of the cur\e can be 
accomplished with relatne case As a rule 
in moderate and more severe deformities 
the maximum pressure that can be exerted 
IS suffiaent onl> to better align the trunk 
b} extending the fu ion to include end xer 
tebrae in the compensator! area Complete 
correction in the more severe curves is not 
nece<sarj for good bodj alignment and a 
satisfactory cosmetic result (Fig 175 \ B 
C and D) 

Jacket Application There are «evefal 
variations m design of wedging jackets all 
derived from the original bod> jacket with 
one thigh and the neck chin and occiput 
included in the plaster de\i«ed bv Risser‘^ 
For cemcodorsal and high dorsal t>-pes a 
bead helmet is added to provide a more 
secure upper lever arm (Fi" 177) Both 
thigh and shoulder strap:^ in place of x 
headpiece are incorporated in the piaster 
for a distal extension of the curve or for 
repair of a p»eudarthrosis in (he tow dorsal 
or lumbar area and for fifth lumbar tilt 
Ivpes Occasionatt) the inclusion of one en 
lire lower extremitj is needed for stabilil> 

Placing a patient in a wedging jacket 
should 1« preceded bj cutting the hair 
especiallj from the occipital temporal and 
postenor frontal regions Then on an emptj 
stomach without medication the procedure 
IS begun bj placing a stockinet over the 
bod> including tbc head and one thigh 
(Fig 179) ^\lth the frame mounted on 30- 
inch horses the patient is placed on bis 
back on the supporting canvas strap the 
thigh on the convex side of the curve rest 
mg on the swivel «upport and (he head on 
a padded movable flat board ju«t above tbc 
transverse bar holding the canvas strap 
The shoulders of the patient are two inches 
distal lo this lTansvers.e metal bar and tbc 
arms and hands are ^upporletl on the sides 
of the frame The bead covered bj stockinet 


with onlv the nostrils exposed is suspended 
bj loops of mu.lm bandage one looping 
around the occiput and one around the chin 
pinned together just over the mastoid proc 
ess The ends of the loops are attached to a 
metal spreader suspended from a ratchet 
after being looped around a bracket at 
either side of the frame The bead is tilled 
away from the con\exit> of the curve to re 
lax the cervacal and brachial plexu«es and 
to prevent the stretch thej are otherwi«e 
subjected to when subsequent wedging 
nears completion It should be allowed to 
rest on the padded board until the head 
piece of the jacket is to be applied A loop 
of mu^lm banda>^e is passed around the 
patients bodj resting in the axilla the 
ends fixed to the opposite side of the fnme 
pulling in a direction opposite to the direc 
lion of the head (Figs 178 179 180) A 
smooth covering of crepe paper is laid over 
the bod> and thighpiece to prevent the 
stockinet from adhering to the plaster and 
to make the undersurface of the plaster unt 
forml> smooth (Fig 180) Felt pads are 
then applied over the inner thigh and 
sacrum beneath the anterior and posterior 
hinges over the anterior superior iliac 
spines axilh postenor nb prominence 
^in and occiput \ thick felt pad split 
and enlarged with a cotton center is placcti 
over the convex side of the thorax flank or 
iliac crest as a fulcrum point for the wedg 
ing (Fig 181) 

Plaster application is begun bj f r«t ap- 
plving the spica well up around the thorax 
to the axillae with multiple reinforcements 
of plaster ’splints across the hip region an 
(enorlj and posteriori} Thereafter the bead 
board is removed and the ratchet taken 
up until the head is suspended in i lilted 
position in slight hjperextension The head 
piece IS then applied b} making a <ub- 
stralum of plaster around the head and 
neck except for the face and dome of the 
•vkull extending downward to and over 
lapping the upper end of the portion of 
<pica alread} applied In this procedure 
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Fig 178 Frame lor application 
of the se%eral types of jackets 

(A) Can\as strip suspended 
from removable bar (Al) and 
made taut by ratchet at (A 2 ) 

(B) Swivel support for thigh 

(B 1) Metal fixture m frame 

for changing position of snivel 
leg support necessary for all 
sizes of subjects 

(C) Angle position of metal 
head traction apparatus madepos 
sible by metal loop (D) from 
where traction by ratchet (E) is 
made 


Fig 179 Frame rest ng flat on 
30 inch high wooden horses Pa 
tient on frame m correct position 
for applying jacket Note tilted 
position of head countertraction 
through axilla indleg on swuel 
support 


Fro 180 Crepe paper applied 
over stockinet 


Pig 181 Felt pads appl ed 
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four inch circular planter is applied over 
Tiultiple lajers of plaster splints both an 
teriorlj and posleriorh until a thick sup- 
port of plaster is made completing the 
shoulder and helmet portion 
The hinges imj then be applied, buned 
in plaster reverses and circubr bandages 
If greater force than u^ual is anticipated in 


The thickness and the reinforcements of 
the jacket are naturalK determined b> the 
stre«ses to which the jacket will be sub- 
jected in each gnen ca«e, and must be 
strong enough to support each part well 
from the time of application A break in 
the jacket or a «oftening at anj point, such 
as will occur vi here the amount of plaster is 



Fic 182 Completed jacket Position of hinge* and sue at which cutting 
out IS done for wedging are penaied on outside of jacket 


correction it is well to defer application of 
the hinges for a week or ten dajs \t that 
time grooves can be cut in the plaster and 
the hinges cemented in with loose plaster 
and co\ ered bj circular bandages After the 
incorporation of the hinges the jacket is 
trimmed about the head and neckpiece 
the axillae and the penneum (Rg 182) 
During the first few daj-s after jacket ap- 
plication weight strc'-es should be avoided 
on the h>T>erevtended headpiece and thigh 
portion b\ the prova<ion of sandbag support 
for each 


insufiiaent, is often impossible to repair 
and necessitates rcapphcalion Securing of 
hinges that have become loose during the 
wedging process is almost lmpo^slble, and 
hinges not well fiietl in the plaster mav 
loosen just as correction is neanng com 
pletion This «o weakens the jacket that loss 
of correction occurs jeopardizing the result 
Several weeks may be lost b> the con*^ 
qucni nccessii) of re appljing a new jacket 
and repeating anew the entire process of 
correction 

In the high cervacordorsal cone, where 
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Ihe hinges are placed high, {he jacket can 
best be hinged through lateral cuts in the 
plaster to the axilh In the high dorsal 
curve correction can best be obtained bj 
literal cuts low dovtn into the lateral as 
peels of the jacket in the usual way (Fig 

182) In both instances, when unusual force 
must be exerted to obtain correction, de 
layed application of the hinges is regarded 
as the most certain manner of assuring their 
stability Immediately after the application 
of the jacket, massage of the chin and the 
lower extremities should be started, to re 
lieve annoying pressure and muscle aches 

The Wedging Procedure After two 
weeks, the jacket is usually sufficiently dry 
to assure its stability and the stability of 
the hinges m the plaster The jacket is then 
cut completely across at the apex of the 
hinges, dividing the jacket into two parts— 
a hip spica and a shoulder head spica— held 
together by the hinges The side of the 
convexity of the curve is widened from the 
hinges laterally to permit bending in that 
direction With the jacket cut out for 
wedging, lugs® and a small turnbucUe are 
applied, and the actual process of correcting 
the curve is under way Each day several 
turns of the turnbucklc are made (Fig 

183) When, as determined by palpation 
and appearance, correction appears ade 
quite, an x ray picture is taken to deter 
mine tlie amount of correction Should the 
correction be adequate, the jacket is ready 
to be ‘boxed in’ (Fig 185) If not, the 
wedging process is continued until further 
X ray check-up indicates a satisfactory cor 
rection and alignment (Fig 184) 

The technic of ‘ boxing m" then follows 
A long, basswood, plaster covered strut js 
made and fixed so as to join the headpiece 
and thighpiece of the jacket This »s allowed 
to dry for ten minutes, after which the lugs 
and turnbucUe are removed The body at 
the depths of the openings m the jacket is 
padded with felt and the openings closed 
with circular bandage, this filled in portion 
IS spoken of as a V est Struts extending from 


the headpiece to the body piece at the shoul- 
der and across the concave side of the body 
of the jacket are then applied (Fig 185) 
After the struts and vest have dried for 48 
hours a posterior fenestration is made in 
the jacket approximately over the area of 
the curve (Fig 186) A transverse gentian- 
violet line 15 made across the skm of the 
back, passing over any one spinous process 
within the area of the curve to be fused 
(Fig 186) A thin wire is strapped over this 
stain and an x ray made In noting the 
spinous process over which the shadow of 
the wire is shown, orientation is made pos 
sible by reason of the stain on the skin 
when surgery is later performed From the 
marker x ray film, the amount of correction 
IS measured and recorded, and the area foi 
fusion determined 

The flexible spine with only moderate de- 
formity will correct quickly, whereas the 
more severe curves that have lost a portion 
of their flexibility must be “turned up” 
much more slowly A flexible curve of mod 
erate degree m a child may be correctible 
m a few days a marked curve with limited 
flexibility m an older person may require 
several weeks for completion of maximum 
wedging It must be remembered that in 
severe curves of fairly long standing the soft 
tissues throughout the concave side have 
become quite shortened They must stretch 
slowly as correction takes place and the 
limits of correction are somewhat dependent 
on the amount of stretch these tissues will 
stand 

In mild curves, full correction of the 
curve, or of the ends of the curve, is reached 
early Several films may be necessary dur 
ing the process of correction, since perfect 
balance must be arrived at and, in over 
correction by wedging, the process must be 
reversed until proper alignment of the end 
vertebrae is reached Where a curve is mod 
erate or severe and flexibility is moderately 
or greatly limited, balance is attained by 
maximum correction of the curve and the 
alignment, in addition, of one or two verte 
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bral bodies beyond the upper and lower 
limits of the actual cur\e (Fig 187) The 
procedure m the severe cases ^shere maxi 
mum correction is desirable and where 
maximum force is therefore applied neces 
sanly requires added time to prevent pain 
and pressure sores and wedging <hou!d pro 
ceed until continual turnbuckle turning as 
vjsua)i 2 ed by x rays and as determined by 
the patient s tolerance accomplishes no 
further correction It should be kept m mind 
that a satisfactory area for fusion can be 
selected almost anv lime in the corrective 
process after a moderate amount of cor 
rection through turnbucl le force has been 
exerted The chief advantage of greater cor 
rection or greater compensation thereafter 
l^ a •shorter fusion area 
In the >ounger children where loss of 
fiexibility IS slight properl> placed fell pads 
as applied beneath the jacket usually buffer 
all pressure points suRicientlj to avoid pres 
sure necrosis but m the le«s flexible curve 
in the older age group pressure sores occa 
sionally dev elop over an unpadded area over 
the scapulae or other prominences of the 
bony thoracic caoC Because of too rapid 
correction at times beneath thick felt pad:* 
a point of pressure necrosis may appear over 
the chin the occiput sacrum iliac spines 
or a poorly trimmed margin of the cut edge 
of the jacket The jacket must be constantly 
inspected and trimmed to avoid this com 
plication particularly after the wedging has 
progressed to where the pressure is great 
Vs vvedg ng pressure increa«es and be 
comes quite advanced occasional!} numb 
ness in the arm deltoid weakne'^ or begin 
ning wristdrop appear to warn of the loo 


gr«it or too rapid stretching of the brachial 
plexus This same nerve phenomenon maj 
appear early in the wedging process from 
direct pressure on the cervical nerve roots 
if the headpiece is applied too «nugly around 
the neck Brachial palsy m anj degree is a 
signal to stop the process of correction in 
order to somewhat relax the tension until 
recovery of power is seen Thereafter cor 
rection should be resumed cautiously and 
again halted upon recurrent signs of palsy 

Selection of the Area for Fusion Dur 
ing the process of wedging all estimations 
of correction and alignment are made di 
rectly from x ray films taken through the 
jacket during the progress of correction 
\fter wedging is complete the jacket boxed 
in cut out for operation and a marker x ray 
(Figs 203 B 204) made the area to be 
fused IS selected from the latter film Cor 
rection of curves ma} be complete or par 
till In the less severe curves where it is 
almost complete the ideal fusion area is 
selected as outlined b} Ferguson from the 
final correction or marker film The area 
for fusion is chosen as follows 

1 The minimum area must include everj 
vertebra in the primary curve 

2 The ideal fusion is one which includes 
the mimmuni fusion area and in which the 
end vertebrae are parallel to each other and 
at right angles to the line joining their 
centers In the final result the end ver 
tebrae of such a fusion will be parallel and 
transverse to the axis of the trunk 

WTiere fusion into compensation is neces 
sat} no all inclusive rule for selecting the 
area can be outlined Each case requires 
individual consideration 


Fig 183 V\ edging process begun Lugs and tumbuckles appl ed Correction by turnbuckle 
begun 

Fig 184 VXedging completed when x ray mdeates satisfactory correction or al gnnient 

Fig 183 Jacket boxed in Correction and algnment completed asshonnh} x rays taken 
through plaster with strut ( \) jo mng head and legpiece lugs and turnbuckle removed and 
struts (B) and (C) applied 

Fig 186 Jacket fenestrated for operation Marker appl ed on skin 48 hours after applica 
tion of struts and vest a posterior fenestration i» made expo mg as near as poss ble the area 
Milected for fuson Poster or hinge is removed in miking the fenestration \ marker x ray is 
then made (see Figs 203 B and 204 B) 



Fic IST.Primary dorsal cunc — aged 10, idiopathic 

(A) Right cur\e, fifth dorsal-twelfth dorsal, apcT ninth dorsal is 77®, with onset 
at lyi jears. 

(R) There u progreash'e sesere tleformitj and decompensation unusual at so joung 
an ace. 

(C) I’ostoperatKe correction at 30®. Fusion fourth dorsal-first lumbar Recau'c of 
marked lO'S of flexibility, satisfactor>' alignment required inclusion of two xertebrae aboxe 
and one below actual limits of cur\e 

(D) Postoperathe cosmetic result three years later shoxxs good compensation and 
excellent posture and balance. 
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Fig 188 \s>mmelrical double pnmarj cur\e — iged II idiopathic 

(A) There is a short high right dorsal curve tb»rd dorsal seienlh dorsal apex fifth dorsal 
22“ standing long left dorsolumbar curve seventh dorsal-second lumbar apex eleienth 
dorsal 40® standing 

(B) Sime curves — 21® 40® re«pecmely in Ijing position 

(C) Right peUnc tilt showing dorsolumbar curve increased to 47® 

(D) I eft pels 1 C tilt showing dor«olurobar curve reduced to 26® 

(E) Correction and fusion «cventh dorsal third lumbar Cune is stationary at 26® three 
jenrs postoperatn el> Dorsal curve has not spontaneously reduced 

(F) Postoperative photograph indicates excellent result and de'cribes a S3tisfactor> manner 
of treating this uncommon t}’pe of double primal} curve The upper, essentially nondeformin'’ 
curve should be treated consenativelj after correction of the longer and more deforming 
dorvolumbar curve 
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SURGICVL TRCATMEVT OF SCOLIOSIS 


In ihe moderate pnmarj cur.cs with 
cecondarj returns to the erect (mild com 
pen^^toTj cur\es) 'spontaneous compena 
tor>*cur\e coireclion and balance for maxi 
mum correction obtainable, occur with mini 
mum fus on area or «ith exten ion of fusion 
into compensation if neces«;ar\ In 'imibr 
pnmarj curxes but where the compensalort 
curves are almost as great as the pnmarj 
one a departure must be obsenetl from the 
rule of correcting the primar\ curve to a 
point where the bodies of the end vertebrae 
are parallel to each other A variable re 
sidual inclination of the end vertebrae 
consistent with trunk balance must be per 
mitted I usion is then extended bejond the 
ends of the pnmarj curve into the adjacent 
compensatorj segments In this instance 
the determination of the actual fusion area 
and decision as to whether or not one ver 
tebra or more bejond the ends of the 
pnmarj curve should be included (Iig 
189) IS made after maximum correction 
has been obtained b> the wedging jacket 
The decision hinges on both the amount of 
correction obtained m the pnmarj curve 
and the amount of spontaneous reduction 
m the compensatorj curve 
In the more severe pnmarv dorsal curves 
(Figs 173 17a and 189) where because of 
less effective corrective effort, or because of 
the undcsirabilitv of obtaining more than 
partial correction of the pnmarj curve, the 
end vertebra of the pnmarv curve remains 
partiallj inclined m the direction of in 
complete correction proper balance and 
alignmvnt of the trunk al o nccessilntc 
extension of the fusion area bejond the 
limits of the pnmarj curve One must I»e 
guided in the determination of the fusion 
area m moderate and severe curves where 
loss of both balance is marked and where 
pnmarj curve fu ion areas arc not sufii 
cient, bj a studv of the comparative spon 
taneous lumbar flexibiliij as «ccn m tilt 
views and the pnmarv dorsal curve cor 
rectibilitv as ^cn in the bend views Here 
the degree of forced correction obtained in 


the pnmarj cun e and the spontaneous cor 
rectibditj shown to exi«t in the compen«a 
tor\ curve or cunes (as shown in the bend 
ami liU views) determine the extent into 
compcnvition that fusion should extend 
Superimpo ilion of the final correction film 
over the pelvic tilt film made in the opposite 
direction is a convenient method of making 
Ihe estimation of bodj balance and if the 
vertebrae immcdiilch adjacent to the pri 
marj cune in the compensatorv area are 
superimposed individuillj, one at a time 
a minimum level m the lower adjacent com 
pen«atorj «egmenls where bodv balance is 
seen to exist indicate> the maximum lower 
level for the fu ion The maximum upper 
level can be estimated bv iletermming the 
upper vertebral bodj that has a compara 
livelj similar opposite mclmation m balance 
to the lower bodj consistent w ith balance m 
the upper compensatorv curve In these 
instances too great correction of the pn 
marj curve would because of limited flexi 
bililj in the lumbar and dorsal or cervical 
compensatorj curve, terminate in an made 
quale amount of compensatorj cunc re 
duction and a residual asvmmelrv of the 
hips or shoulders or both In similar severe 
dorsolumbar and lumbar curves alignment 
of Ihe fourth lumbar is made with the 
proximal upper segment of the pnmarv 
curve consistent with the spontaneous cor 
rcction apparent m each compensatorv 
area using again the supenmposcd films 
for making the determination Subsequent 
spontaneous alignment of the pelvis there 
after Imngs aliout balance of the pelvis 
Should residual disalignment of the pelvis 
persist jacket correction and alignment is 
indicated The rule is al o modified m the 
presence of double pnmarj curves where 
both curves are selecteil for correction and 
fu ion in which in«tance the cunc of lea t 
flexibiiitj is subjected to maximum cor 
rection and fusion and the curve of greater 
flexibilitj thereafter corrected and ahgncfl 
The rule is additionallj varierl in instances 
of a double pnmarj curve, where, because of 
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B 



Fic 189 Severe dorsal curve — aged 15, idiopathic ... ... 

(A) Right primary cune of 82°, first dorsal-eleventh dorsal, with apex at seventh dorsal 
compensatory left curve eleventh dorsal— fourth lumbar, 59* standing, 52® lying 

(U) Cosmetic deformity is well shown Decompensation baa occurred and there is a shift 
of trunk to right 

(C) Postoperative end result following «pine fusion seventh cervical twelfth dor«al Be 
cau^e of limited flexibility in compensatory lumbar curve to S3® sitting with left pelvis elevated, 
correction was intentionally limited and final correction remains at SO® 

(D) Adequate decompensation in <econdat> curve has aided greatly in obtaining body 
balance 


t 



For Irj.rnds see p 189 



TECHNIC Of fusion 


one portion of the curve being greater or 
more deforming and the other being rela 
lively less or nondefornnng it is believed 
tbit the correction of the greatest deforming 
component may adequately balance the boily 
by correction and fusion of this one coinpo 
nent In this case, after correction and 
fusion, corrective exerct'ies for body bilance 
ma> be carried out to determine the result 
v\ith the surgical treatment of only one of 
Ino primary curves (Fig 188) In the pres 
ence of natural fusion at the apex area as 
IS quite frequent in curves of long standing, 
or where the greater part of a long standing 
severe primary curve is spontaneously fused 
{he pcssdiihdes conreefrart rn<is' he tecy 
slight or absent If the compensatory areas 
above and below have been kept flexible, 
body alignment with very limited or with 
no correction of the curve as well as adding 
stature often greatlj improves alignment 
through compensation 

TECHNIC or FUSION 
Induction usually with gas oxygen, and 
ether is earned out with the patient lying 
m the jacket on the bad , after which he is 
turned over, face down, with head flxed in 
the headpiece of the jacket by a strap of 
adhesive across the forehead and attached 
to the plaster headpiece Troceeding through 
the fenestration in the jacket and guided by 
the marker stain on the skin, a midhne inci 
Sion roughlj extending one vertebra above 


and one vertebra below the area intended 
for fusion is made Towels are applied and 
fixed with Michel clips and the spinous 
processes are exposed bj subpenosteil dis 
section, facilitated b> gripping each epmous 
process firmly with a forceps The infer 
spinous ligaments are split to connect the 
split periosteum over the spinous processes 
With a periostea! elevator the subpen 
osteal dissection is carried lateral!> from 
each lamina to and slightly beyond the 
articular facet The superficial portion of 
the ligamentum flavum is excised with a 
curette and with a curved or straight cs 
teotome, depending upon the type of articu 
fation encounfererf the arficu/ar facet: is 
excised the complete removal of the car 
tilage from the depths of the facet is 
completed with a curette The tips of the 
spinous processes are split with a straight 
osteotome, removed, and eacli one of the 
split halves is wedged into the excised 
articular facet, obliterating the space Chips 
are cut from the spinous processes and 
laminae and interwoven across the inter 
laminal space The same procedure is car 
ned out throughout the selected fusion area 
for each joint individually The extra bone 
occasionally needed can be obtained from 
the ihum, the tibia or from a bone donor, 
and any bone obtained in excess of that 
needed at a given procedure may be buried 
m the wound until needed at the following 
stage of fusion Layer closure is done using 


Fro 190 Technic of fusion Midhne jnCi«ion showing splitting of intermuscular raph4 and 
interspinous ligament, most important m assuring a bloodless field 

Fio 19J Technic of fusion Hibbs’ chisel elevator for bloodJe'S subperiosteal dissection of 
•spinous process and laminae 

Fic J92 Technic of fusion Hibbs Spratt curette excising Jigamenlum fJawm 
Fig 193 Technic of fusion Curved osteotome for excising articular cartilage m antero 
posterior arch articulations of dorsal and lumbosacral area with stick sponge, indi pensable 
in clear visualization of steps e«peciany in bone work 
Fio 194 Technic ol^Iusion Straight o^teoiome for excision of cartilage from internal 
external posterior arch articulations m lumbar area 

Fic 29S Technic of fusion Gauze tail packs, so important for hemostasis throughout 
each surgical step ^ 

Fic 196 Technic of fusion Bone chijB mtcrlacing across and bridging interlaminal spaces 
Fig 197 Technic of fusion Completed fusion bed with interlammal spaces well bridged 
with several layers of chip? and articular cartilage of facets removed and replaced with bone 
chips 
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silk, for the skin, and a dr> dressing is 
applied 

A stockinet cotton pad remo\ed from a 
\\armer is placed o%er the dre^sed surgical 
wound and the fenestration m the jacket 
snugl> closed with plaster Sutures are re- 
moNeil after weeks Ln again cuUmg 
a fenestration in the jacket and a new 
marker i> applied and x ra%s are taken to 
^enf\ the area alreadj fused This process 
IS repeated after each surgical stage of the 
fusion finally closing with plaster for the 
duration of the three month period which 
follows the final surgical pro'^edure Becau e 
of the lengthj portion of the spine selected 
for fusion in most instances and to pre\eni 
postoperatne «hock fu ion is usuall> per 
formed in two or three stages with an 
allowance of a three week intersal between 
each procedure unless contraindicated b\ 
low blood count or other factors Each stage 
IS preceded bj a 24 hour sterile preparation 

Occasional!) there ma) be complications 
in the surg cal procedure Accidental punc 
ture of the membranes of the spinal cord 
IS at times followed b> leaking of fluid into 
the dressing for several daj-s po«loperati\eh 
At the time it occurs the opening should be 
packed is in making hemostasis and the te 
maining surgical steps completed as usual 

Postoperative wound infection ma> de 
velop beneath the muscle lajer« or in the 
subcutaneous tissue with the usual signs of 
v7.fecViOT. w.'iiclv lave? Iw vaipeeC/aal 

infections adequate provision for free drain 
ing of the purulent contents should immedi 
atelj be provided and m deep infections 
splitting of the 'pmal mu cles should be 
done and free drainage and extrusion of 
loose chips permitted Hot picks thereafter 
greatlj aid in relieving pain and promoting 
healin„ If so caretl for fusions maj succeed 
m spite of infections due to surgerj 

COW VLF^CFVT TREAT'MFNT 

Jacket treatment postoperative!) is di 
vided into three 12 week period At the 
conclusion of the final surgical stage of 


fusion the patient is kept recumbent for 
12 weeks During this time an adequate 
nutritional regime is instituted \l the close 
of this period the vrcdging jacket i-> removed 
bv soaking m a tub and an immediate 
roentgenogram is taken The curve i mcis 
uted and the fusion clO'cl) inspected at 
each segment \ s^mi bent jacket is then 
applied for a second 12 week period The 
method of application relativelj simple 
(Figs 19S 199 200) The piticnt is placet! 
face down on a frame and the pelvic portion 
of the jacket is applied followed bj the 
thoracic section Dislnction i> made in the 
direction of correction and the midjiortion 
of the jacket connecting the overcorrccted 
upper and lower portions is applied The 
cast IS allowed to dr> for from tS to 20 
minulea and then with the patient seitcd 
on a stool it is trimmed over the niilbr> 
portions and antcnorlj over the thighs \ 
shoulder strap is carried over one or both 
shoulders to insure support above (Iig 
201) The patient is kept recumbent for 
48 hours until the jacket is thorough!) dr) 
and Is ambulator) thereafter 
UTien the second 12 week period has 
elapsed the jacket is removed and an x rav 
taken to ob'Crve the progress of fusion and 
to measure the cune The straight jacket is 
applied immcvhalel) thereafter for another 
12 weeks The method is similar to the 
application of the semi bent jacket, except 
VtiV 4v?A,?zftVvOT. «w wt vVa 

spine in an) form i» omilleil (Fig 202) 
It IS during the second 12 week period of 
progressive ambulalorv activat) in a «emi 
bent jacket that deficient areas either 
solidifv and become confluent or continue 
defiaent and permit continued loss of cor 
rection This periotl con*equentI) is the 
one in which m most instances the fate of 
the fu ion mass is final!) determincil 
U the close of the final immobilization 
period all support is removed and the degree 
of residual curvature and the soUdil) of the 
fu ion are asccrlaineil b) roentgen stud) 
This is checked at one to three monib 



Fio 19S 


Fig 201 



Fig 200 


Fig 202 


Fig 198 Appl cation of -lemi bent jacket 

straight jackets Patient lies face down P. p,How {\) face and bead over 

of same table used m applying wedging jacket Thighs lie over p.iiow t 

“IIS'S '" 

"'“sen., ben. ,acU, pa,., ally enn.p.e.ed D.s,a. cu«s cnnn,.,ed n.aUns body po,.,on 

of jacket complete , pi,,;ipr shoulder strap completes jacket Patient u 

Fig 201 Completed «em " tiwim^ upper edge of jacket grwnst eked 

sc. upngh. on a a.ool >b.S ’ ^mSulder .hen paSded y,.lh tel. and a pb..er cnIT 

against anterior and posterior dic-t shoulders i 

appl cd to one <con,a..c side of nennilled to assume as near as possil le a normal 

rrc 202 The 5 . raisht jacket Brrfj r. Pe™ ,^ Noprelm.aarj 

balanced position Posilion on frame same as a, 
traction cuCs are placed 
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Do. 203 For legend •icc p. 193, 



FUSION, DELAYED UNION AND PSEUDARTHROSIS IM 


mlervals and by examimtion of the fusion 
area ruling out areas of tenderness, until 
the certainty of solid mature fusion is 
demonstrated by physical and roentgen evi 
dence and a fixed and unchanging angle in 
the curve After removal of all jacket sup 
port, at the termination of the active surgi 
cal regime, massage over the area of opera 
tion as well as symmetrical corrective 
exercises should be earned out to rehabili 
late the long imctive muscles and to aid in 
the more rapid reduction of the compensa 
tory curve 

FUSION, DELAYED UNION, AND 
rSEUDARTHROSIS 

Even though the surgical technic of spinal 
fusion over seven! joints is earned out with 
uniformly good technic and solid fusion 
occurs throughout most of the area, fibrous 
union does occasionally occur at one joint, 
or leas frequently at two or more joints 
A fusion deficiency may exist as a sl(ghtl> 
or moderately delayed union or as a perma 
nent failure of tmion , the latter is the true 
pseudarthrosis In design these defects may 
be a complete broad transverse mtcrlaminal 
gap nr as an almost hairline fine variably 
irregular transverse or oblique defect, tra 
versing the fusion plate from side to side 

Clinicall>, the> appear as areas through 
which loss of correction takes place at 
which site local tenderness almost always 


can be elicited and where fatigue, acht, or 
pain IS common (Eig 203) Roenlgeno- 
graphically, where the defect is wide, it will 
appear as an obvious break m the otherwise 
normal bony contmmtj In the hairline tv^pe 
the rwntgen evidence is more hkelj to 
appear as an area of increased condensation 
the defect being very narrow and obliterated 
by the overlapping bone shadows 
At operative exploration, the broad inter 
lammal defect is seen to be filled with van 
ably dense fibrous tissue, adherent to the 
periosteum and evidenced by the difficulty 
encountered m stripping the othervv ise easilj 
stripped periosteum overlying the fusion 
plate The fine, hairline pseudarthrosis is 
evident by a similar, though smaller, trans 
verse area of adherent fibrous tissue inter 
rupting the smooth bon> fusion plate 
Motion is variably demonstrable depend 
ing on the density of the pseudarthrosis at 
times being great, while at other times being 
difficult to demonstrate 
Delayed bone repair either terminates 
finally m complete union occasionally after 
many months, or as a pseudarthrosis De 
layed umon or pseudarthrosis per^sting any 
great length of time beyond the period of 
immobilization in the wedging jacket per 
mils loss of correction and the gradual 
recurrence of the original deformity, plus 
further progre'^s in the curve in the growing 
child Union occurring after loss of cor 


Fic 203 Untreated pseudarthrosis ID dorsal curve ^ 

(A) Precorrection film, right curve fifth dorsal-second lumbar, apex ninth dorsal, 62 
standing 

(B) Jacket correction completed Curve reduced to 31® (imximum correction obtainable) 
Preopcrative marker film 

(C) Loss of correction to 52® AH support has been removed (36 weeks postoperative) and 
although there is no roentgen evidence of fu«iion deficiency there is loss of correction ninth 
dorsal-tenth dorsal only, with pseudarthrosis not clearly visible on film Exploration 

(D) Deformity has completely recurred Since growth period had not been reached when 
fusion was done the deformity, through the only deficiency ninth dorsal-tenth dorsal 
recurred completely and progressed past the point when treatment was instituted Curve is 

73® Intervening films reveal slow gradual loss of correction 

(E) I’rceorrection photograph. Trunk is shifted to right and cosmetic deformity is modcr 

atcly great , . , ,t. 

(1 1 End result— after slx years Recurrent deformity and unaltered progress in lbi> curve 
exemplify that fusion failure nt one joint compromises completely the enure corrective 
treatment 
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rection carries greater clinical significance 
than the pseudatthrosis since belote re 
correction can be done an osteotomy of the 
fusion plate must precede the re<orrection 
^\he^eas in the pseudarthrosis correction can 
be regained through the defect, preliminar> 
to its repair Occasional!) an etploration 
re\eal& «olid fusion, e\en though evidence 


Thereafter, exercising the u«ual great care 
of the underlying membranes just as m a 
primirv procedure, the fibrous tissue bndg 
ing the defect is curetted anaj completely, 
and the etlges of the adjacent maroins of 
bone undercut, making a trough in uhich 
brid^ng chips of bone uiU be «ecure Chlp^ 
are then laid acro«s the defect, in large 
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Fig 2CH Delajed union 

(A) Left dor<oIumbar curve at 40® apex at first lumbar 

(B) Correction m wedging jacket Marker xray with maximum correction to 12® 
Spinal fusion tenth dor$aI*tbird lumbar 

(C) Immediate end result with correction remnining at 12®-— after 36 weeks in 
jackets 

(D) Loss of correction to 20® at twelfth dorsal first lumbar 

(E) Postoperative end result After exploration xnd finding of «obd fusion correction 
remains at 20® 


of fusion failure h-vs been constant in steady 
slow loss of correction almost to the time of 
exploration Lo-s of correction approaching 
dangerously a recurrent lo«s of symmetry 
and balance, however justifies exploration 
(Fig 204) 

TECHNIC OF REPAIR IN 
PSEUD \RTHROSIS 
\\ hen an exploration is carried out, 
whether attended by recorrection or not, 
fixation of the <pine in a plaster jacket, 
fenestrated posteriorly, should precede the 
exploration At operation the entire fusion 
area is exposed, even though the localued 
site or sites of possible fusion deficiency 
have been quite amply demonstrated by 
X ray and point tenderne'S prcoperatively 


numbers, m each instance remov ed from the 
thick normal fusion plate pseudarthrosis 
repair usually succeeds Postoperative re 
cumbency and phsler immobilization are 
continued, in most instances for from eight 
to 12 weeks, after which union is usually 
adequate In severe deformities where much 
correction has been obtained longer pcriwia 
of immobilization are necessary Routine 
ob^rvation for several months however, is 
necessary to be assured of solid fu-ion 
(Fig 20S) 

EVTFNSIOV or DFrORMlT\- 
SHORT FLSION ARF \S 
Complications other than fu-ion defects 
occasionally occur The time of onset and 
the area over which the imbalance factors 
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Tic 20i Corrected p«eudart} ros s in dorsolumbar cun e 

(A) Preoperatne film show ng left curve tenth dor«aI fourth lumbar apex first 
lumbar (40° stand ng 25® lying) at age 13 

(B) I holograph of «p ne made before correction was begun note pehic as>Tnmetry 

(C) Postoperative f fm showing «pme fusion tenth dorsal fourth lumbar after jaciet 
correct on to S® Th s was follow^ by loss of correction to 17® bj pseudarthros s second 
lumbar-third lumbar Recorreclion was obtained m wedg ng jacket to 10® Elxploration 
and repa r of p eudarthroc s terminated with corrected curve statiomrj at 11® 

(D) I osloperative flm three years later correct on has been fully maintained 

(E) End result three j cars later 
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Fic 206 Incomplete fusion area 

(\) Spine fusion clc^cnth dorsal se\enth dorsal pre\iousI> performed cbenhere 
in a right cur\e sixth dor«3l-<econil lumbar, apex tenth dorsal Cun'C has recurred 
through unfused portion of pnm3t> cur\c 

(B) Photographs «hon recurrent co melic deformit} present when fusion area does 
not encompass full extent of primary curse 

(C) Fnd result •'pine has been recorrected and fusion area extended from cletenth 
dorsal third lumbar husion is complete from «e\enth dorsal third lumbar 

(D) Cosmetic end result Bodj balance has been restored 
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exert their deforming influence are extremely 
variable Just as uithm a primary area of 
involvement these deforming forces are pro 
gressive in tbeir course throughout the spine 
growth period and manifest by increasing 
deformity, so the area over which these 
forces operate may extend to include one 
or several additional segments They consti 
tuCe an additional deforming factor, and in 
their early development this extending area 
will be apparent only if a senes of films 
are carefully studied With progress, the 
deformity will appear clmicallj In the un 
operated, this progression will be noted only 
m increasing deformity m those already 
operated upon, it will be manifest m par 
tial recurrence of the deformU> taking 
place beyond the area of the original fusion 
This recurrence of deformity should be re 
garcled in the same light as a short fusion 
and where necessary the deforming end 
<egments should be sub<equently aligned 
preliminary to a supplementary fusion 
(Fig 206) 

PARAPLEGIA 

With all the varying degrees of deformity 
and the rapiditj with which some develop 
the infrequent development of cord pressure 
Signs would seem unusual However, only 
rarelj do pressure signs spontaneously de 
velop over the apex of a rapidly growing 
and <;cverelj deforming spme Laminectomy 
at the site of too great tension has been 
shown to prompt J> relieve these signs when 
they do occasionallj appear As an operative 
complication trauma to the spinal cord (the 
esult of a curette or other surgical instru 
ment contacting the cord directly, or through 
sudden pre^ssure against the membraDCS) 
may produce temporary or permanent par 
tial postoperative hyTierreflcxia or localized 
fliccidily 

COMMENT 

Despite the still greatly dcfiaent knowl 
edge of the etiology of scoliosis a clear 
perception of the natural clinical course 


coupled with an adequate method of cor 
reetton and stabilization of the deformed 
spine, has gone far toward altering the 
prospect of the structural <!coholic patient 
By recognition of the early findings careful 
observation, and mterventfon at the proper 
time, <vevere deformities can be avoided and 
the milder deviations completely corrected 
Faith should not be placed m conservative 
means, and all severe deformities occurring 
with such methods, definitely should be re 
garded as cases of neglect It cannot lie 
emphasized too <vtrongly that scoliosis is in 
most instances, a progressive deformity 
throughout the growth period o thr spine 
and that correction and fusion presents the 
most effective plan of treatment y et devised 
When more universal recognition is given to 
the fact that delay m the institution of sur 
gical treatment is the mam factor that 
jeopardizes the cosmetic results and permits 
deformity symptoms and disability in later 
life, a more stable concept of this progres 
sive attainment of modern surgery will have 
been reached 
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Anterior Poliomyelitis 

Mather Cleveland, M D 


Anterior poliomyelitis is an acute infec have been destroyed and replaced with scar 
tious disease which is probably infinitely tissue there can be no improvement in those 
more widespread than formerly has been muscles whose ner\e cells have been so 
believed It occure sporadically, and at destroyed 

times reaches epidemic proportions Its Though there is every hope, but as yet no 
mode of transmission and the intermediate certainty, that this disease will in time be as 
host, if any, are unknown The terrifying well understood and controlled as are diph 
manner m which the disease strikes leads to theria or smallpox, there are to date no 
almost hysterical fear during epidemics For specific preventive measures and no certain 
the most pirt the disease has a seasonal therapeutic agents which have been proved 
incidence from June to September, inclusive to have influenced the onset or course of 
During the epidemic of 1916 m New York this infection It is not within the scope 
City there was an incidence of 13,224 re of this writing to attempt to enumerate the 
corded cases with a mortality of 25 per cent, vast array of experimental work at present 
while m that of 1931 there were 6,189 cases under way along the lines of prevention and 
with but 10 per cent mortality During this specific treatment of interior poliomyelitis 
latter epidemic it was noted that of those The present status of the epidemiology, pro- 
patients seen and recognized m the pre phylaxis, and treatment of anterior polio 
paralytic stage, onl} 17 percent developed myelitis, the acute infection, has been exten 
paralysis as a sequel of their disease It sively reported In the International Bulletin 
may, therefore, be concluded that in earlier recently published by the National Founda 
epidemics only those unfortunates who de tion for Infantile Paralysis If, as there is 
veloped paralj'sis were recognized and classt every reason to hope, success attends these 
Tied as instances of anterior poliomyelitis efforts to specifically prevent or cure the 
It IS now known and understood that in disease, the treatment of the paralytic mam 
this general infectious disease paralysis is festations will no longer be one of the major 
merely an unfortunate complication which problems of bone and joint surgery Then 
many victims escape In those patients who treatises on the subject of the cripple due to 
do develop this symptom of paralysis there anterior poliomyelitis will in time become 
is always hope for improvement or even as quaint as Defoe’s "Journal of the Plague 
total recovery of muscle fhnclion This re- Year”— 1665— when 70,000 pcr«ons perished 
covery of motor power vanes with the extent in London of a disease that medical knowl 
of damage to the motor nerve cells of the edge is now able to check and quickly eradi- 
spinil cord In those few patients in whom cate However, this Utopia is not yet 
varying numbers of these motor nerve cells reached and we must continue with the 
201 
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means at band to allevjate rather than to 
prevent or cure anterior pohomyelitis 

STAGES or THE DISEASE 

This disease is usually described as pass- 
ing through three fairly well defined stages 
and since the treatment is markedly differ 
ent in each it is necessary briefly to describe 
these stages 

The Acute Stage 

This lasts from the onset of the disease 
until the disappearance of muscle soreness 
The treatment during this period is absolute 
rest and the prevention of deformity and, 
in addition, the absolute avoidance of any 
measures which might defeat these two car- 
dinal requisites This stage of muscle sore 
ness, which usually lasts from six weeks to 
two or three months, may be greatly pro 
longed by ill advised massage, electrical 
stimulation of muscles, or other attempts to 
regain motor power early 

Sister Elizabeth Kenny, an Australian 
nurse, for many years has used hot fomenta 
tions applied over the entire body This is 
intended to relax muscle spasm and is said 
to relieve pain With the disappearance of 
pain and «pasm guarded motion is begun 
This method of treatment maj cut down 
materially the length of the acute stage of 
the disease It may quite possibly make the 
patient more comfortable It is difficult to 
see how this treatment can in any way affect 
muscles whose nerve supply has been de 
stroyed with death of the nerve cells in the 
spinal cord during the course of the disease 
The method should be given a thorough trial 
so that its benefits and limitations may be 
fully understood 

[The following quotation from ‘ The 
Kenny Method of Treatment for Infantile 
Paralysis," by W H Cole, J F Pohl, and 
M E Knapp, in Arduves of Htysical 
Therapy, 23 7, 399 epitomizes the ra 
lionale upon which the Kenny method is 
based The article cited is Publication No 
40 of the National Foundation for Infantile 


Pai^lysis, Inc It discusses the treatment m 
considerable detail, and can be secured by 
any doctor by writing for it to The National 
Foundation for Infantile Paralysis, Inc , 120 
Broadway New York Cit> It is essentially 
a manual for the carrying out of the treat 
ment 

This manual is not to replace either special 
training m the work or the book which Miss 
Kenny has her«e!I published neither does it 
attempt to analyze critically the theory of the 
method nor to modify in any way the method 
Itself It is merely an attempt to clarify and 
simplify in the light of personal observation 
and experience uhat «he has written about the 
technic Thevarious steps and procedures have 
not been changed, and NIvss Kenny s terminol 
ogy has been retained Many of the terms are 
not scientifically accurate as understood by 
physicians, but they do describe conditions 
which arc present 

Nothing occult is involved m her methods 
but It does demand an intimate knowledge of 
muscle anatomy, the neuromuscular system, 
and much attention to detail in re education 
The pnnaples can be quickly learned by the 
physician but the technical practice ol the 
method requires mastery of many detaiin if 
satisfactory results are to be obtained Just 
who IS best qualified to do this is probabh 
debatable but certainly, graduate nurses and 
registered phy«ical therapy technicians are the 
two groups from which most of the workers 
should come 

The treatment must be begun as soon as the 
case IS diagnosed if it is to be moat efficient 
this means that treatment must begin in the 
acute stage during the period of quarantine 
Each hospital will have to develop a routine 
devised to make the maximum use of its avail 
able skilled personnel Certainly the most dif 
ficuU part of the treatment from the physical 
point of view, the application of hot packs, can 
be efficiently earned out by intelligent at 
tendants or orderlies after a short training 
penod Aittays, iov/eier, i/ie Inalmeni titusl 
be super jned and checked by the physician 
tn charge oj the case Certainly the re educa 
tion of disabled muscles can be done only by 
technicians with the highest skills and abilities 

SviIPTOltATOLOGY 

The concept of infantile paralysis on which 
Miss Kennys treatment is based is funda 
mentally different from that heretofore pre- 
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vailing The disease in (he acute stage affects 
not only the anterior horn cells but also ad 
jacent portions of the cord It may be seg 
mental in character, involving the central 
nervous system including the sympathetic 
system in general so that symptoms other 
than those due only to involvement of the 
anterior horn cells must be present The symp 
toms, as pointed out by Miss Kenny and as 
observed by us are mainly 

1 The muscles affected present the condi 
tion of spasm 

2 The affected muscles become shortened 

3 Coordination is disorganized and mco 
ordination frequently seen 

4 The patient frequently loses power in 
non affected muscles because affected muscles 
are pulling the non affected muscles from tbeir 
normal resting place and retaining them m 
this lengthened position through the unrelaxed 
spasm in the affected group 

5 The non affected muscles frequently re- 
fuse to contract due to “mental alienation “ 

These symptoms may be condensed into 
three factors which distinguish the Kenny con 
cept of infantile paralysis 

1 Aluscle spasm 

2 Incoordination 

3 “Mental alienation ” 

In an exceedingly severe infection enough 
anterior horn cells are destroyed at the outset 
to cause complete flaccid paralysis of certain 
mii«cles Or parts, and spasm, if present at alt, 
may be fleeting m these cases Treatment for 
this condition is ineffective in preventing the 
paralysis 

The treatment, then, is not designed to 
prevent paralysis and has no influence on 
the neurologic damage inflicted by the dis 
ease It is designed to minimize the effects 
of the disease in terms of residual disability 
and deformity requiring surgical treatment, 
and to materially shorten the convalescent 
stage 

The Kenny treatment, or any other form 
of treatment, in the acute stage of the dis 
ease may be regarded as ‘ medical treat 
ment Regardless of the term used to de- 
scribe It, the handling of the acute phase of 
the disease should be of major importance 
to the man who has to handle the late re 
suits, since his task may be much simplified, 
and his results be much better, if optimum 
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primary “medical ’ treatment is accorded 
the patient —Ed ] 

In all instances of paralysis the stronger 
muscles will overpull the weaker Gravity 
also operates to overpull weakened muscles 
/\s a result of those two factors deformity 
will ensue unless measures are taken to 
prevent it During this acute stage it is 
advisable to protect any weakened muscles 
with plaster of pans splints If one or the 
other or both lower extremities are involved 
a plaster of pans spica should be applied 
with legs held straight and the feet held at 
90® to the long axis of the leg Since the 
deltoid muscle is the most frequently in 
volved of those in the upper extremity a 
plaster of pans spica may be applied to 
prevent stretching of the damaged muscle 
by gravity If light metal splints are avail 
able, they may be used instead of the plaster 
of pans Recumbency on a fracture bed 
should be rigidly adhered to The most dis 
tressing and dangerous form of muscle weak 
ness IS that involving the diaphragm In 
patients showing this symptom the prog 
nosis IS poor even if they survive the first 
onslaught of the disease, since they are prone 
to succumb to simple respiratory infections 
The ‘ iron lung or respirator may tide over 
those patients with temporary paralysis and 
It has been the only means of keeping some 
of them alive 

The Convalescent Stage 

This stage of the disease is of variable 
length It begins wiUi the disappearance of 
muscle soreness and lasts until all improve- 
ment in muscle power has ceased Great 
vigilance is still required No damaged mus 
cle will ever achieve the maximum recovery 
possible if it IS allowed to be stretched or 
fatigued Therefore, protection against a 
stronger opponent muscle and the effects 
of gravity must be provided Rest and ajv 
propnatc braces are the essential requisites 
of treatment of this stage of the disease It 
IS only by meticulous attention to detail 
that numerous deformities, such as flexion 
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al the knee or hip, may be prevented or 
minimized Prolonged bed rest may stJI be 
essential The sitting posture 'niU tend to 
produce flexion deformity at the hip and 
knee if there is extensor weakness 

Weakness of Abdominal and Spinal 
Muscles If there is evident weakness of 
the abdominal or spinal muscles, support 
must be provided b> a corset, brace, or 
plaster of pans jacket 

There are various forms of physical 
therapy which may be employed with bene 
fit during this convalescent stage It may be 
stated that McCarroll and Ctego of St ijauis 
have recentlj reported in a rather sizable se 
ries of patients with anterior pohom>e)itis 
that early treatment of anj sort after the 
acute stage has little or no effect on the 
course of the disease and alters the degree 
of residual paral^-sis to little or no extent 
The extent of paralysis depends upon the 
original anterior horn cell deatruction This 
view la held b> many surgeons but is dis 
puted b> the advocates of physical theta 
peutic measures 

1 Massage This is generally accorded 
first place It improves the circulation to 
the affected part, but rough mauling or 
manipulation of pataljzed muscles must be 
rigidly avoided 

2 Heat This is advocated as another 
effective means of increasing blood supplj 
to Tmi’swiefi or'paraVyzefiTTTQSdes 

be moderate in degree over a prolonged 
period of time rather than intense for a 
short period of time 

3 ExEsasES Under Water This meas 
ure IS generallj acknowledged to be of great 
value during this stage of the disease The 
buojancj of the water minimizes the effort 
required of weakened muscles to perfonw 
their function A bathtub will suffice, but a 
warm swimming pool is better If exercise 
under or in water can be supplemented with 
massage, the patient will receive the opti 
mutn form of physical Iherapj 

4 Electrical Stimulation or Muscles 
The benefits to paralyzed or weakened imis 


des of this form of physical therapy are 
decidedlj open to question The advocates 
of its u«e are apt to be phj«ical therapists 

S Muscle Training or REEnuevnov 
Thi> IS defined as “an attempt to restore 
a cerebral molor impulse to a muscle” If 
the lower motor neurone is destrojed it is 
ut(erl> impossible of accomplishment, and 
It IS the writers firm belief that an un 
consaonable amount of time and effort may 
be wasted al great expense, for a gam in 
motor power which maj be quite negligible 
If the jxiraljsis is of a lemporarj nature, 
motor power will return, and exercise, under 
supervision, of the involved muscles maj 
increase their function and perhaps hasten 
their recover), provided there is adequate 
protection afforded against stretching and 
fatigue during lhc«e exerasc periods The 
exercise of anj given set of muscles should 
never be through a full arc of motion nor 
against gravity to begin with As power 
increases, protection against gravitj maj be 
utilized and actual resistance to mu«cle pull 
maj be afforded 

If the physiologic motor action of anj 
given set of muscles is understood, the 
proper exercises follow almost automati 
call), as night the day For instance, let 
us consider the Iw o groups of muccles which 
control the knee joint 

I IP TUE nAVlSIRINC OR FLEXOR MUSCLES 
Xfl Tni V-NEl JWnT XKE T'ARAa.tTED UR "WEXX, 
EXERCISES MAV BE CONDLCTED AS FOLLOWS 

1 Gravity Eitmwalcd The patient lies 
on the affected side with the hip flexed, leg 
straight, the opposite thigh held b> person 
supervising the exercises (a) Flex knee 
with assistance, (b) fle\ knee without as 
sistance, (c) flex knee against resistance 

2 Agatmt Gravity The patient lies face 
downward, leg straight (a) Flex knee with 
assistance, (b) flex knee without assisfince, 
(c) flex knee against resistance 

3 Witk Gravity The patient lies on his 
ba<^, thigh IS flexed at 90* Patient flexes 
knee against slight resistance 

11 IF THE QUADRICEPS FEMORIS OR EXTEN 
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SOR MUSCLES OF THE KNEE JOINT ARE PARA 
L\ZED OR MEAK 

1 Gravity Eliminated The patient lies 
on the affected side with knee flexed (a) 
Extend knee with assistance, (h) extend 
knee without assistance (c) extend knee 
against resistance 


able A small reference list will be found in 
the Bibliography 

Warm Clothes It is essential to re 
member that these patients with damaged 
muscles due to anterior poliomjelitis are 
extremely sensitive to cold Chilblains and 
even trophic ulcers result from frostbite 




Fig 207 An ankle brace (A) Construction of brace nith foot piece to be attached 
to shoe by three screws (B) Joint with posterior catch to prevent footdrop (C) Anterior 
catch to retard calcaneus (D) Ankle brace with double catch for limited motion with 
outside T strap (E) Ankle bnce with free motion, inside T strap and manner m which 
It fastens over the outer bar 


2 Against Gravity The patient sits on a 
table or chair with knee flexed (a) Extend 
knee with assistance, (b) extend knee with 
out assistance, (c) extend knee against re 
sistance 

3 With Gravity The patient lies on his 
face with knee flexed Extend the knee 
against slight resistance 

For the reader who is anxious to go more 
deeply into the subject of muscle training 
there arc manj and various methods avail 


during the winter months Tliej should, if 
thej live m regions of severe cold, be in 
structed to wear warm clothing, woolen 
stockings or socks, and woolen underwear 
if necessary 

Braces These are used extensively dur 
ing the convalescent stage of the disease, 
and their use is often carried over into the 
final or residual stage These are usually 
made of steel of a gauge varjing with the 
age and weight of the patient Duralumin is 
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considerably lighter than steel but does not 
stand the constant dailj abuse as well The 
function of a brace is to pre\ent deformity, 
if possible and to offer support to those 
portions of the body uhose normal mus 
cular support has been withdrawn due to 
weakness or paraljsis of the muscles affect 
mg that part With the help of braces many 
paralytics who otherwise would be confined 
to bed or chair are enabled to walk For the 


a A posterior catch to prevent footdrop 
b \n interior catch to prevent or retard 
calcaneus gait 

c An anterior and posterior catch to m 
sure limited motion in a foot that his little 
or no power 

d Occasionally but rarely no catch is 
used and free motion is allowed at the ankle 
Lateral motion in the foot may be con 
trolled by means of a broad T strap fastened 



Fic 20S A long leg brace ( \) With no knee joint (B)With 
a ringlock catch at knee (C) Deta I view of construction of 
joint at knee (D) RmgTock catch unlocked in flei on (E) 
Ringlock catch at knee unlocked in extension 


most part braces are temporary expedients 
and if their use may be di pensed with later 
by surgery this step should be urged Braces 
are expensive they break and are fre 
quentlj outgrown in children By their use, 
the dependent situation of the wearer is con 
slantly emphasized The simpler and more 
frequently used braces are as follows 
1 Ankle Brace (Fig 207) This brace 
consists of two steel uprights hinged at the 
ankle to a foot plate which fastens to the 
shoe At the top of the calf there is a pos 
tenor curved metal band connecting the two 
steel bars This band a little less than half 
a circle is closed m front by a strap and 
buckle The hinge at the ankle is controlled 
by catches as follows 


to the side of the shoe and strapped to the 
opposite steel bar \ valgus foot requires an 
inside T strap and a varus foot an outside 
T strap 

2 Long Leo Brace (Fig 208) This is 
used for weakness or paralysis of the quadn 
ceps lemons or hamstrings or both and it 
IS u:>ed to stabilize the knee joint m walking 
It consists of two long steel uprights ex 
tended from in ankle brace beyond the 
knee to the upper thigh There is a posterior 
curved band of steel joining these uprights 
at the calf, at the midthigh and at the top 
of the brace V strap and buckle or a laced 
leather cuff fastens the<e bands in front at 
the calf and thigh and at the top the band 
IS closed m front by a strap and buckle 
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This brace may be constructed with no knee 
joint at but little expense If the patient 
wants to bend the knee m sitting a ring 
lock or drop-catch joint is constructed which 
readily locks when the knee is in extension 
and may be released to allow flexion 
3 Long Leg Brace with Pelvic Band 
(Fig 209) If there is marked instability it 
the hip joint and abductor weakness iddi 


(Figs 212 and 213) This ma> be used to 
support the spine, but both are ineflcctive 
in preventing m my 'lense a literal cun i 
ture of the spine due to interior pol o 
m>elitis Thej will howe%er aid in support 
ing weak abdominal muscles by means of 
their aprons 

6 Abduction Asm Splint or Phtfoem 
Splint (Fig 214) This is the most ctm 



Fig 209 A long leg brace with pelvic band showing limited motion at ankle 
ringlock at knee joint and free extension and flexion at h p 

Fig 210 Double long leg brace with Knight corset attached to pelvic band 
In some instances a catch to prevent unlimited motion will have to be applied 
at hip joint of one side 

Fro 211 Patient with a complete paralysis below level of umbilicus able 
to stand and walk with aid of double stiff leg braces with pelvic band and 
crutches This child originally bad a Knight corset attached to top of pelvic 
band This is the «o called tripod walker 


tioml stability is gained by adding a pelvic 
bind w'lth a joint ittached to the outer of 
the two bars on the long leg brace 

4 Doublf Long Leo Brace (Figs 210 
and 211) This with limited motion at the 
ankle rmglock at the knees a pelvic bind 
and a Knight corset attached will allow the 
Occasional patient who is completely para 
l>zed below the umbilicus level to do tripod 
walking with crutches 

5 Tailor or Knight Corset Brace 


monly used brace in upper extremity pa 
ralysis involving the deltoid muscle It con 
sists of an upright bar applied to the side 
of the body bj two metal bands with straps 
and buckles passing around the thorax and 
just above the iliac crests The upright is 
bent at 90° on itself at the shoulder and 
supports the arm and forearm bj two straps 
for each There is a slight cock up rest for 
the hand with a strap The elbow has a free 
joint 
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The Residual or Chronic Stage 
The residual or chronic stage of anterior 
poliomyelitis is reached when improvement 
in motor power of the paraljzed muscles 
has ceased This improvement in function 
with proper treatment may he expected to 
take place within a period of tno jears, but 
most of It occurs during the first jear When 
this residual stage is reached it is time care 



Fic 212 (Lejt) Ta>lor Spinal as 
sistant Two bars of steel a short pelvic 
band and straps over shoulders, fastened 
to an apron in front nhich supports 
abdominal muscles 

Fig 213 (Right) Knight spinal 
COTiSistirig of a steel ^vic band 
two inches wide and two lateral uprights 
attaching this band to a iniddorsal steel 
band and fastened in front b> a corset 
which laces in the midhne 

fully to take stock of the situation The 
extent of the damage must be estimated, 
as well as its effect on the patient Forfu 
nately by this time a large percentage ol 
the victims of this disease will have been 
completely rehabilitated, others will have 
such minor disabilities that they will re 
quire no further treatment However, there 
will remain a sizable residuum of cnpples 
whose rehabilitation will tax the surgeons 
ingenmtj At this point it is well to recall 
certain fundamental facts of anatomy and 


physiolc^ before plunging into the rescue 
work 

1 Function of Upper Extremity The 
upper extremity, suspended from the shoul 
der girdle, is held away from the side of the 
body Its mam function is to perform a wide 
and varying range of motion to serve the 
tactile and prehensile fingers The chief 
characteristic of this upper extremity is mo- 
bility In following this conception it will 
at once be seen that if the muscles con 
trolling the hand and fingers are hopelessly 
paralyzed, it is utterly foolish to attempt 
any reconstructive surgery at the shoulder 
or elbow joints 

2 Function of Lower Extremity The 



Fig 214 Abduction arm «phnl or 
platform ■splint which consists of a 
steel upright applied to side of body 
by steel bars just above pelvia and 
around thorax fastened by buckles 
and Straps Upright is bent on itself 
at 90” at shoulder joint Elbow joint 
has free motion and hand is held in 
slight cock up position 

pelvic girdle is massive and closely attached 
to the trunk with little motion in the sacro- 
iliac joints The hip joint is deeply socketed 
and surrounded by strong muscles, while the 
remaining joints of the lower extremity are 
large and strong for stability in weight 
bearing. The chief characteristic of the 
lower extremity is stability This principle 
of stability rather than fine coordinated 
movements of muscle grouiis should be 
borne m mind in selecbng the proper sur 
gical procedure in patients vntb anterior 



OPERATIVE TREATMENT 


209 


poliomyelitis involving the lower extremity 
3 Extending between these two shoulder 
girdles and upper extremities and the two 
pelvic girdles and lower extremities there 
IS as a connecting link the vertebral column, 
a complicated senes of bones and joints 
whose upnght posture depends upon the bal 
anced action of an amazingly intricate set 
of intrinsic muscles Paralysis or marked 
weakening of one set of these muscles or of 
the abdominal muscles leads to that bizarre 
and at times baffling deformity of the spine 
—literal curvature or scoliosis 

OPERATIVE TREATMENT OF 
ANTERIOR POLIOMYELITIS 
The operative treatment of this disease is 
reserved for the residual stage after all 
improvement by other means has been ac 
complished Surgery may be used to alleviate 
the situation of these cripples in the follow 
ing ways (1) By improvement of function, 
(2) by decrease of deformity and (3) by 
increase of stability No operative treat 
ment should be undertaken unless there is 
reasonable certainty of improving the pa 
tients situation At times patients are seen 
who are so hopelessly and helplessly para 
Jjxed (hat any expectation of improving 
their lot by surgical means is fantastic 
Above any technical skill in various opera 
live procedures there must be ranked the 
Che surgeon who 6y expenwice 
will know how to select his patients study 
the situation and with care choose that 
particular procedure fitted to this patients 
needs Here as elsewhere m surgery, the 
surgeon stands head and shoulders above 
the operator 

OpEiuvTioNS TO Improve Fu^cxION 

1 Among those surglc^l procedures de 
signed to improve function of muscles para 
lized as a result of anterior poliomyelitis 
transplantation of nerves has been tried and 
has not met with sufiicient success to allow 
recommendation of its use 

2 The transplantation or transference of 


tendons of unparaljzed muscles to illnw 
them to assume the work of paralyzed mu 
cles has been practiced extensnefj In c 
panng the function of the upper extre 
where a wide range of motion i rc i 
to the lower extremity where stabili v 
prime requisite one might on super 1 
consideration think that there woulJ I 
larger field of usefulness for tendon tn 
plantation in paralyses of the upper extn 
ity and that the field would be relati\ I 
limited in those paralyses involving the 
lower extremity However this is not the 
case the reverse is true Tendon trans 
ference is employed far more frequentlv in 
the lower extremity paralyses The reason 
for this is that the finely coordinated move 
ments of the upper extremity especiallv the 
hand and fingers usually cannot be substi 
tuted for with any marked success 

Tendon transference is performed for 
three purposes 

1 To improve function It must be 
borne in mind that seldom in cases where 
tendon transference may be indicated are 
the so called unparalyzed muscles unscathed 
and often a weakened muscle is wrongly 
transferred and is expected to take over 
under new leverage a job that it is quite 
incapable of assuming 

2 To remove a persisting deforming 
factor There is but little question that the 
petsisititg iWiw-mvig pwOJ jw vjtpDrsJjtzed 
muscle should be neutralized by redirecting 
Its force into a useful channel Failure to 
observe this rule has wrecked many a well 
conceived stabilization operation on the 
foot 

3 To remedy static imbalance It is 
very doubtful if tendon transference of itself 
wall adequately restore balance Tendon 
transference in addition to a stabilizing pro- 
cedure uil/i the emphasts on the latter, is 
the most effective procedure 

Operations to Decrease pEfORuin 

Tliose openltons which decrease or re 
heve deformitv are typified by (1) posterior 
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capsulotomy at the knee joint to relieve 
flexion deformitj of that joint (2) trans 
ference of the muscles from the iliac crest to 
correct hip flexion deformitj or (3) supra 
condylar osteotomy of the femur for cor 
rection of torsion of the femoral shaft 

OpERATIo^s TO Increase STABitixr 
Those operations Tvhich improve function 
by stabilization of joints iTho«e mu<!culature 
IS paraljzed are by all odds the most 
ful and most mdely practiced m the sur 
gical treatment of anterior poliomjelilis 
There ate numerous procedures manj \arj 
ing onlj in small technical details In prin 
ciple they are alike m striving to obtain 
useful neight bearing by gam of stability 
nith sacrifice of motion 

SURGICAL TREATMENT OF UPPER 
E\TREMm LESIONS DUE TO 
ANTERIOR rOLIOMAELITIS 
Of tho«e patients nbo develop paralysis 
due to anterior poliomjelitis only a little 
over 30 per cent shon evidence of paralysis 
or weakness of the upper extrcnutj while 
aver 80 per cent present evidence of paralj 
SIS or weakness of the lower extremitj It is 
indeed fortunate that the upper extremities 
of tfaesejiatients are so frequentlj spared 
as surgical treatment of the complicated 
hand arm mechanism is on the whole not 
particularly •mtvs.factOTV 

SKOUttJER 

Paralysis of the deltoid muscle is common 
among upper extremity lesions Unless 
there is a reasonably strong hand and fore 
arm it is quite useless to consider operative 
work at the shoulder and unless there is 
strong active function m the trapezius 
rhomboids and serratus anterior no opera 
tive work can be successfully undertaken 
Tendon transference procedures to re 
place the paralyzed deltoid muscle have 
been described by Majer Ober and others 
The fact that there is but little acceptance 
of these procedures raises a question of 


their efllcacj The one which seems to offer 
some chance of success is that described by 
Ober 

Transference of Short Head of Biceps 
and Long Head of Triceps to Acromion 
Process (Ober) This is of course feasible 
only if these muscles are strong A curved 
incision IS made over the shoulder The 
coracoid pto'“ess is exposed and the short 
head of the biceps and a portion of its bonj 
attachment detached dissecting the muscle 
free to the entrance of the musculocutane 
ous nerve Through the posterior end of the 
incision the long head ol the triceps is al«o 
ejcposed and removed from its origin with a 
small piece of bone This muscle must then 
be dissected free from the upper fourth of 
the humerus carefully preservmg the nerve 
supply The tip of the acromion process is 
exposed and divided longitudinally with an 
osteotome The free end of the triceps is 
carried over the deltoid mu cle and sutured 
into the posterior aspect of the cleft in the 
acromion process while the short head of 
the biceps is sutured into the anterior as* 
pect of the cleft Each tendon and its bon\ 
attachment are sutured in place with silk 
and if possible the two ends are sutured to- 
gether After closure of the wound the arm 
IS held in abduction in a plaster of pans 
spies which may be bivnlved at three weeks 
after operation and a little active motion 
allowed At approximately sis. weeks after 
operation the spica may be removed and 
relaxed exercises may allowed A plat 
form abduction splint may be worn part 
time for sev eral additional weeks if neces 
sary 

Arthrodesis of Shoulder Joint (Figs 
2tS and 216) With a good hand and fore 
arm and adequate musculature to control 
the scapula this procedure will convert an 
otherwise useless shoulder joint into a use 
ful stable mechanism to serve the hand and 
fin^ 

There are a number of ways of obtaining 
arthrodesis of the shoulder joint but in our 
experience the most effective is an operation 
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of the claw hammer type The shoulder 
joint IS exposed through a curved incision 
The deltoid muscle is divided just distal to 
Its origin The capsule of the joint is then 
excised and articular cartilage is removed 
from the head of the humerus and the 
glenoid fossa The under surface of the 
acromion process is roughened with a gouge 
or chisel after the periosteum has been 
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Elbov\ Joint 

Operative vsork at the elboiv joint where 
there is paraljsis due to anterior polio 
myelitis is not very practical for the most 
part and of course never justified unless 
there is a good hand \\ ith paralysis of the 
triceps brachii muscle gravity will always 
act to extend the forearm lor paraly^ls of 
the flexors of the elbow joint a distressing 



Fro 215 Fio 216 


Fic 215 A patient with complete deltoid paralysis Arthrodesis of shoulder joint per 
formed May 1939 Photographs six months later showing ability to raise arm f om side 
of body Patient subsequently had a wrist fusion perform^ 

Fig 216 Postoperative roentgenograms of patient with shoulder fusion Humerus is 
fixed at an angle of approximately 70® vritb scapula 


stripped away The humeral head is then 
placed m contact with the glenoid and the 
acromion process with the arm abducted at 
about so® and protracted 20* beyond neu 
tral position Fixation is then obtained by 
inserting one or two vitallium screws 
through the acromion process deeply into 
the humerus through the head to the shaft 
The deltoid muscle is sutured and the skin 
IS dosed A plaster of pans spica is applied 
and worn for 10 to 12 weeks After two 
weeks this splint may be bivalved, sutures 
removed, and massage given Active motion 
in the <!plint may be started at six to eight 
^ceks after operation (For other shoulder 
arthrodesis tedinic see Chapter 15) 


disability, Steindler has devised a mu«cle 
transference operation which may be help- 
ful in a few carefully selected cases 
Transference of Common Flexor On 
gin to Humerus (Steindler and Camp 
bell) (Fig 217) A curved inasion is made 
over the lower third of the arm and the 
upper third of the forearm on the ulnar side 
following the course of the pronator radii 
teres at its lower end The ulnar nerve is 
localized and retracted posteriorly The 
common origin of the pronator teres and the 
flexor muscle group is exprosed and dissected 
free At this point Campbell has modifieil 
the procedure by removing a «mall segment 
of bone from the medial humeral condyle 



212 


ANTERIOR POLIOMYELITIS 


to which these muscles are attached (This 
should be done since any tendon transfer 
ence is better accomplished if it can be 
anchored by bone to bone contact ) The 
muscles are then freed distally for 
inches and, with the elbow flexed, the bone- 
muscle origin is inserted into the humeral 
shaft two inches above the medial condyle 
by sutures passed through drill holes After 
closure of the wound, the elbow is Im 


articular surface is split off by a thin oste 
otome held transvcRely and driven from 
below upward to make a thin broad flap 
remaining attached at its upper end The 
split is wedged open, and packed with bone 
diips so that the backwardly wedged pos 
terior flap effectivelj blocks exteniiion be 
yond 90“ bj impingement against the 
olecranon Eight to 12 weeks’ postoperative 
immobilization m plaster in the right 



Fio 217 Transplantation of common flexor origin from medial 
epicondyle of humerus to shaft of humerus (A) Common origin of 
flexor muscles of forearm with small piei:^ of bone from medial 
humeral epicondyle (B) Common flexor ongm with bony attach 
ment transplanted into medial border of shaft of humerus approxi 
mately two inches proximal to medial epicondyle 


mobilized b} a circular plaster of pans 
splint in acute flexion with the forearm in 
neutral position between pronation and 
supination After two weeks a splint is em 
ployed to keep the forearm in flexion while 
physical therapy and active motion are 
commenced 

A posterior bone block operation at the 
elbow has been devised by Putti to limit ex 
tension at 90® and thereby increase sta 
bility This might be useful in a flail elbow 
m which the flexor muscle transference to 
the humerus had been done [This is done 
m one of three ways The posterior aspect of 
the lower humerus and the olecranon are 
exposed preferably through a posterolateral 
inqsion The posterior face of the humeral 


angled position follows, after which gradual 
resumption of function is practiced 

Instead of the above procedure, the pos 
terior condylar surface ]ust abov e the 
olecranon, with the elbow at 90®, can be 
xplit by an osteotome held transversely and 
driven from behind forward and a graft 
inserted into the split to form a «helf pre- 
venting extension b} impingement on the 
olecranon at 90® 

A third alternative is to drive an oste- 
otome into the olecranon with the elbow at 
right angles, the osteotome paralleling the 
posterior aspect of the humerus and being 
driven from the upper edge of the olecranon 
articular surface through the upper end of 
the fame toward the posterior aspect of the 
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olecranon In the split so made is placed a 
flat graft which pro;ects directly up bdiind 
the humerus and prevents extension by 
impingement against posterior aspect of 
humerus 

The first of these procedures is general!> 
considered preferable —Ed ] 

Operative fusion of the elbow joint which 
IS flail offers but little solution to the prob 
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transference may be done only m an oc 
casional case The intricate mo\emen(s of 
the hand and fingers cannot often be re 
placed by surgery 

Fixed pronation of the forearm due to an 
imbalance between pronators and supun 
tors at times requires operative interven 
tion For this condition Tubby devised a 
tendon transference operation 




Tic 218 Transplantation of pronator teres and flexor carpi radialis into shaft of 
radius Tor fixed pronation f A7 Incision exposing pronator radii teres and fletor carpi 
radialis muscles (B) Shows freed pronator radii teres muscle bell> sutured to flexor 
carpi radialis whose tendon has been divided approximately inches proximal to 
wrist joint (C) Shows combined tendon behind radius where it emerges at lateral 
border and inserts into a drill hole In radius from before backward and is then sutured 
to Itself 


lem except in rare instances (For lecbnic 
of elbow fusion sec Chapter IS ) 

hoREARM, Wrist Joint, and Hands 
In paralysis of the muscles of the fore 
arm involving loss of the use of the hand 
and fingers, surgerj has decided limitations 
The muscles pariljxcd arc often numerous 
and those which have escaped complete 
panilj-sis arc <;o often weakened that tendon 


Transference of Pronator Teres and 
Flexor Carpi Radialis for Paralysis of 
Supinator Muscles (Tubby) (Fig 218) 
An inasion is made over the volar forearm 
region approximately 'ix inches long follow 
mg the course of the radial artery The 
flexor carpi radialis is isolated from the 
brachioradialis The radial vessels and nene 
arc identified and retracted laterally The 
pronator radii teres is dissected to its in 
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sertion and the tendon ^\^th its adjacent 
periosteum is detached from the radius 
The flexor carpi radialis is di'«cclcd free 
and divided approximatelj 1/ inches 
above the wrist joint The two muscles, 
under tension are sutured together The 
interosseous membrane is divided close to 
the radius, preserving the interosseous nerve 



Fic 219 Roentgenogram of wri>t 
joint tivo years after arthrode is of wrist 
joint to overcome wristdrop This wrist 
IS arihrode«ed at approximately 30® of 
dorsiflevion which is a very u’ieful posi 
tion Perhaps 5 or 10® more dorsiflexion 
would be even better 


and artery The conjoined tendon is then 
passed through the interosseous Tnerobrane 
around the radius and inserted from before 
backward into a drill hole in the radius and 
sutured to itself Mayer has suggested a 
modification of this technic by passing the 
conjoined tendon subcutaneou-l> around the 
inner border of the forearm across the dor 
sal surface to insert into a drill hole in the 
radius two inches proximal to the wrist 
joint 

After closure of the wound, a circular 
plaster of pans splint is applied with the 
elbow flexed at 90* and the forearm in full 
supination This is removed two to three 
weeks after operation and physical therapy 


and active motion is instituted Until active 
supination returns, a «plinl should be worn 

Wristdrop Due to Paralysis of Ex 
tensors of Wrist For vvri«tdrop due to an 
tenor poliomyelitis with limited flexor 
power, which is the usual situation, a fusion 
of arthrodesis of the wrist joint is by all 
oclds the most u«eful procedure It bolds 
the hind m 3s to 40* of dorsiflexion, which 
is the gn'ping position, and allows what 
little power there may be in the flexor 
muscles to be utilized 

Arthrodesis or Fusion of Wrist Joint 
(fig 21^) A Itmgituiimal mosion approxi 
mately four inches in length is made over 
the dorsal surface of the wrist, slightly 
toward the radial side This is deepened to 
the bony structures retracting the tendons 
medially and laterally The radiocarpal, 
intercarpal and carpometacarpal joints are 
exposed With small sharp chixeE and 
curettes the cartilage is removed from all 
articubr «urfaces except the carpometa 
carpal joint of the thumb Ulien this is 
completed a graft from the adjacent ex 
p(feed radius is removed and fitted from a 
slot in the radius across the carpus into a 
slot in the base of the second and third 
metacarpal bones The wrist is held in ex 
tension at n 35 to 40* angle to the long axis 
of the forearm by a circular plaster-of pans 
sphnl, which "ihould extend from above the 
elbow, which is flexed, to the proximal end 
of the fingers This should be bivalved, and 
after 10 days it should be replaced with a 
second snug similar plaster ‘splint to be worn 
for 10 to 12 weeks (For other wri't joint 
fusion technic cee Chapters 14 and IS ) 

Occasionallv the muscles supplied by the 
radial nerve are paralyzed while tho«e sup- 
plied by the ulnar and median nerves are 
relatively unimpaired In such an instance 
the transference of certain flexor mu«cles 
may be used to substitute for the lost ex 
tensors 

Transference of Flexor Carpi Ulnacis 
and Flexor Carpi Radiahs into Extensor 
Tendons at Wrist (Jones Bilhngton) 
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(Pig 220) An incision inches long is 
made o\er the radial border of the forearm 
at the insertion of the pronator radu teres 
A second incision approximately one inch 
m length is made to expose the tendon of 
the flexor carpi radialis muscle three inches 


of the thumb and fingers are now expo«ed 
Through the first incision the pronator 
radii teres is detached from its radial in- 
‘'ertion and passed through small openings 
m the tendons of the extensor carpi radialis 
longus and brevis miKcles These openings 


ritxor c*rp ulnsnt 



Fic 220 Transference of flexor carpi ulnans, pronator radu 
teres, and flexor carpi radialis (oovercome wristdrop (A) Shows 
exposed extensor tendons at dorsal surface of wrist with flexor 
carpi ulnans tendon inserted into exten^r tendons of fifth, 
fourth, third, and «econd fingers, and sutured (B) Shows (a) 
transference of tendon of pronator radu teres into tendons of 
extensor carpi radialis longus and brevis, and (b) incision 
through which flexor carpi radtahs tendon is exposed three 
inches proximal to wrist joint (c) Shows flexor carpi radialis 
rerouted to dor«al surface of wrist, sutured to abductor pol 
licis and extensor pollicis brevis, and fina11> end to end to 
extensor pollicis longus 


proximal to the wrist joint Tlie third in 
cision IS earned along the ulnar border of 
the forearm from a point four inches prox 
imal to the pisiform bone to that bone, 
and then across the dorsum of the wrist at 
a right angle to the ba«e of the first meta 
carpal bone At this time extensor tendons 


and the inserted tendon are sutured under 
some tension, with the wrist held in dorsi- 
flexion 

The flexor carpi ulnans muscle is divided 
at Its insertion and all muscle fibers are 
disserted free from the tendon for a dis 
tance of two to three inches above its m 
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sertion This tendon is passed subcutane 
ously across the dorsum of the wnst and 
then through small openings in the extensor 
tendons of the fifth fourth third, and sec 
ond fingers and sutured to each under some 
tension, with the wrist in full dorsifiexion 
Through the retracted extreme radial end 
of the large third incision the flexor carpi 
radialis muscle is identified and divided at 


tendon After suture of the wound the unst 
is held in hj'perextension with fingers and 
thumb extended by a splint for two or three 
weeks After this the «plint is remo\ed dailj 
and guarded actne motion is allowed After 
four weeks physical therapy may be em 
ployed, but the splint <hould be worn be 
tween exercise periods for several additional 
weeks 



Fig 221 These drawings from Bunnells Surgery of the Hand (Lippincott) show a 
number of possible substitution operations that may he performed to replace loss of 
opponens polhcis (C) Illustrates operation de«^ribed in text 


its insertion It is then drawn into the sec 
ond inasion and redirected subcutaneously 
10 the doisum of the wrist joint at the radial 
styloid process The tendon is then passed 
through small openings in the tendons of 
the abductor pollicis and extensor pollicis 
brevis and sutured to each under tension 
The extensor pollicis longus tendon is then 
divided and its distal portion is sutured to 
the distal end of the flexor carpi radialis 


Tendon Transference for Paralysis of 
Opponens Muscle of Thumb (Fig 221) 
The loss of power to oppose the thumb 
leaves a hand that is severely handicapped 
This situation occasionally is encountered 
in patients with residual anterior poliomye 
litis and at times the means are at hand to 
remedy the situation surgically Steindler 
has devised a techmc utilizing the radial 
half of the flexor longus pollias, redirecting 
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It to act as an opposing motor unit Bunnell 
has offered a variety of procedures to take 
care of varying situations which may be 
encountered (Fio 221) He states that for 
efficacious transference of a new opponens 
motor unit to the thumb the tendon (1) 
must be inserted into the dor^o ulnar aspect 
of the base of the proximal phalanx of the 
thumb and (2) must pass Irom this inser 
tion subcutaneously in a direct line to the 
pisiform bone where a tendon pulley is pro 
vided 

1 For Motor Power Any of the follow 
mg muscles may be employed The flexor 
carpi ulnaris palmaris longus flexor digi 
torum sublimis to the ring finger or any 
other available long flexor muscle 

2 For Transmission of Power For 
transmission of power of any of the above 
muscles to its proper insertion the extensor 
pollicis brevis muscle is at hand and is 
ideal 

S For Construction of a Pulle\ at 
THE Pisiform Bone For this a free tendon 
graft may be utilized attaching it through 
the short muscles and tendons at the pisi 
form bone The rad al half of the flexor 
carpi ulnaris may be utilized by splitting 
this tendon and using half its distal thick 
ne«s as the pulley or the motor unit may be 
looped around the distal part of the tendon 
of the flexor carpi ulnaris 

The operation or choice (pbovidinc 

THE FLEXOR CARPI ULNARIS HAS STRONG AC 
TIVE power) is as FOLLOWS (BUNNELL) 
(Fig 221 C) A transverse incision IS made 
at the distal volar flexion crease of the wrist 
from the midline to the ulnar border and 
then continued upward at a right angle 
proximally for a distance of Zyi to 3 inches 
The flexor carpi ulnaris tendon is exposed 
and split m half longiludmallj from the 
pisiform bone for a distance of two inches 
proximallj The radial half is divided tnns 
verselj at the proximal end of the split 
and tne ulnar half is divided at its insertion 
The pulley is constructw! by suture of the 
radml half of the tendon to itself and to the 


ligaments attaching to the pisiform bone 
A second incision 1 to inches long is 
made longitudmall) over the radial side of 
the thumb at the metacarpophalangeal joint 
exposing the extensor pollicis brevis tendon 
\ third longitudinal incision two to three 
inches m length is made over the radial an i 
dorsal border of the forearm just proximal 
to the mist joint The extensor pollicrs 
hrevis tendon is identified and divided a 
far proximally as possible The divided 
tendon is then withdrawn into the second 
incision and passed subcutaneously over the 
thenar eminence into the first incision The 
free end of this extensor pollicis brevis ten 
don IS drawn through the previously con 
structed pulley and with the thumb in full 
opposition it js sutured fo the disla! end 
of the divided flexor carpi ulnaris tendon 
under slight tension All incisions are closed 
with silk The thumb is held in full opposi 
tion adduction and slight flex on for three 
weeks with either a plaster of pins bandage 
or adhesive plaster After this motion is 
allowed 

For various other technics Bunnells 
original article should be consulted (Fig 
221 ) 

SURGICAL TREATMENT OF LOWER 
EXTREAlITk LESIONS DUE TO 
ANTERIOR POLIOMYELITIS 

Jlip Joint 

The disabil ties due to paraly*;is and the 
deformity due to unopposed muscle pull at 
the hip joint are commonly encountered in 
residual anterior poliomyelitis Of these the 
most frequently seen is flexion deformity 
which causes a characteristic fonvard lurch 
in walking If it is bilateral compensation 
may be obtained by an extreme lumbar 
lordosis but in some instances it may be so 
severe as to make locomotion possible only 
in the quadruped position 

The muscles responsible for hip-flexion 
deformity are most frequently thesartonus 
tensor fasciae laiae and interior portions 
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of the glutei \t limes the psoas and the the acetabulum The thigh is then extended, 
capsule of the hip joint ma> be contracted and if there is still marked resistance the 
In our experience a Soutter operation p«oas and rectus femons tendons and ex 
x\ith «hght modification gixes the most the cap^ule of the hip joint ma> have to 
«ati«factor) re«uU m treatment of thu, divided After this the thigh can usually 
flexion deformitj fullv extended \ plaster*of pans 'pica i« 



Fic 222 Hip-flexion deformity (Lefl) Photographs of a child to show bibteral hip* 
flexion deformitj before operative release (Right) Iholographsof another child 'cxjcars 
after release of hp flexion dcformitv 'howinp ab ence of deformilv Thesi photographs 
demon trate means of show ms pre'cnce and ab^nce of hip flexion 


Release of Hip flexion Deformity (Fig 
222) An incision is made from the upper 
thigh to the anterior supenor 'pine and 
continued posicnorlj along the iliac aest 
for a distance of three inches The total 
length of the inci'ion varies xnth the size of 
the patient but its midpoint is at the an 
tenor superior 'pine The ten«or fasaae 
lalae and anterior gluteal muscles are «epa 
rated sharplj from the bone of the iliac 
cTe«t and then dissected subpenosteallv 
from the dorsum of the ilium with a pen 
o«teal elevator down to i point just above 


applied with the thigh in hj-perextcn ion 
b\it with no abduction This position mu«l 
be maintained for six to eight weeks \ 
warning ha> been issued against immediate 
postoperative hjTierextension of the thigh in 
these patients on account of danoCr of inter 
fenng with the lumen of the femoral arterj 
and of untoward abdominal «j-mploms Re 
have not encountered anv «uch complica 
tions but It IS alwavs well to meticulouslj 
observe the circulation of the toes in anv 
patient with a circular plaster eplmt 
The Unstable Hip Joint In patients 
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with paralysis of the gluteus maximus 
muscle with actue hip flexors producing 
some flexion deformity, it is not unusual to 
encounter subluxntion or actual dislocation 
of the hip joint Such a joint may be 
stabilized by various types of shelf opera 
tions 

Shelf Operation for Hip Stamuzation 
(Fig 223) (This IS a slight modification of 
the technic described bj Lowmian ) Tlirough 
an incision from the upper thigh to the iliac 
crest and continued posteriorly three to 
four inches (he ihum is exposed subpen 
osteally as far as the acetabulum Unless it 
IS actually necessary to reduce a disloca 
tion the capsule of the joint is not opened 
On the dorsum of the ilium three leaves of 
bone are outlined with an osteotome A 
small drill hole is placed in the upper center 
of each These lea\es are then separated 
from the ilium down to the acetabular 
margin Lach leaf consists of about one half 
the thickness of the ilium They are then 
turned down over the head and neck of the 
femur and sutured to the capsule by silk 
sutures which are passed through the various 
drill holes A mass of bone dups from the 
jlium IS added as re enforcement at the at 
tached bases of the leaves of bone After 
closure of the wound a plaster of parts spica 
IS applied and worn for 10 weeks After 
four weeks the patient may become ambula 
torj with crutches (Figs 224 and 225) 
(For other technics in shelf operations see 
Chapter IS ) 

Arthrodesis of Hip Joint To compen 
«ate for the unsightly limp and instabibtj 
of piraljsis of the gluteus maximus and 
medius muscles a number of muscle sub 
stilution operations ha\e been devised 
However, for this condition and for the flail 
hip an arthrodesis of the hip joint is at 
limci. the only effective means of gaming 
useful stability in weight bearing Arthro- 
desis of the hip joint is most readily accom 
phshed by the u e of an iliac graft (Figs 
226 and 227) (For other technics m hip 
arthrodesis sccQnpterlS) 


Muscle transference Operations for 
Unstable Hip A number of substitution 
operations have been devi'ed for this condi 
lion Lange Rreuscher, and others have 
Utilized the erector spinae This is attached 
to all the vertebrae has a fairly limited ex 
Cursion, and therefore seems far from ideal 
tor the use to which it has been diverted 
*rhe procedure which Ober and Hey Groves 
recommend is a modification utilizing tlie 
tensor fasciae femoris in addition Thi 
more logical though its field of u'^c 
fulness must be limited to a few very cxre 
fully selected cases 





FiG 223 Shelf operation a modifica 
tion of technic described by Low man 
Three leaves of bone are cut with a 
chisel from the side of the ilium with 
drill holes and turned over in such a way 
that they overlap and are sutured to the 
capsule of the joint reinforced at their 
base by bone chips from the ihum 

Tendon Transperencf of Lrector 
S riNAE AND Tensor Fasci \e Latae (Lance 
Oder Hev Groves efc ) (Fig 228) A 
longitudinal incision is made from the first 
lumbar vertebra to the posterior superior 
Jliac spine approvimafely one inch lateral to 
the spinous processes The lower five or six 
Inches of the erector spinae muscle is mobi 
l«ed by stripping il in ihe cleavage plane 
Hbout one half inch lateral to the spinous 
processes The dissection then frees the 
tendinous insertion from the sacrum and 
from the posterior crest of the ihum The 
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Fig 224 


ANTERIOR POLIOMYELITIS 
Fig 225 A, B 
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muscle IS separated along the lateral inter 
muscular septum down to the transverse 
processes and upward to the perforating 
dorsal nerves Great care should be exer 
cised not to interfere with the nerve supply 
of the muscle 

A second incision is made over the lateral 
side of the thigh from the top of the great 
trochanter to about one inch above the 


and exercises are commenced to increase 
the power in the transferred muscle 
Other procedures for gluteal muicle 
weakness or paraljsib have been described 
b) Legg and by Uagner and Rizzo fThe 
Legg procedure transfers the tensor fasciae 
femons attachment from the front of the 
iliac crest to its middle third for gluteu 
medtus paralysis Dickson transfers it t 



Fro 226 Fic 227 


Fjo 226 {Lc}t) A rather indistinct photograph (from a moving picture film) showing 
an extreme gluteal limp and instability of left hip joint {Rtg/it) Same patient five years 
later after arthrodesis of left hip Note that patient is practically able to balance herself 
bearing weight on left leg only She is wearing a slipper on right foot because of a recent 
minor operation on a toe 

Fig 227 Roentgenograms of same patient showing {left) subluxated left hip and 
(right) arthrodesis of hip joint five years after operation 


level of the patella A strip of fascia lata is 
cfis'iected free up to and incfuding tfie tensor 
fasciae latae Two inches below the base of 
the trochanter a tunnel is drilled through 
the femur from before backward The free 
end of the fascia lata is threaded through 
this tunnel from before backward The stnp 
is pulled taut and sutured at the entrance 
and exit, and the free end is then drawn 
beneath the gluteal fascia to emerge at the 
lower end of the first incision where jt is 
sutured to the free end of the erector spinae 
muscle under moderate tension After suture 
of ihe wounds a plaster of pans spica is 
applied and worn for three weeks At the 
end of this time the plaster spica is bivalved 


the posterior portion of the crest for gluteus 
maximus parafjsis Wagner and Rizzo 
transfer the anterior thigh muscle origins 
posteriorly for the same effect —Ed ] 

Knee Joint 

The quadriceps femons muscle is most 
apt to be involved with resulting flexion de 
formitj if the hamstring muscles are active 
Hypcrexlension deformitj or genu recur 
vatum occurs when the situation is reversed 
Flexion Deformity This deformitj is 
due to overpull of the hamstrings in the 
presence of weakness or paralj-sis of the 
quadriceps muscle The posterior capsule of 
the knee joint in time becomes thickened 
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and shortened and acts as a check to fuJ] 



extension A great nian\ of the«e contrac 
ture:> can be corrected bj application of a 
circular plaster-of pans «plmt which 
bmged at the knee The hinges should be 
placed anterior to the center of the knee 
joint to pre\ent posterior sublutation The 



Fig 228 Transference of erector 'pinae 
and tensor fasaae latae to oiercotne instability 
and gluteal lirop (A) A ‘•km incuioTi e'rtcnd 
ing from region of first lumbar vertebra to 
posterior «upenor iliac «pme approTimatelj 
one mch lateral to ^pinous processes exposing 
deep fa-cia and mu clea (B) (a) Outer half 
of erector "^inae mu cle group «plit off and dis 
«ected free from its attachment (b) method 
of suturing fa-cia lata to infenor «urface of 
freed erector cpinae muacle ma_s (C) Skin 
incuion on lateral a::pecl of thigh from tip of 
trochanter to one mch above patella exposmg 
fascia lata and tensor {a«ciae latae <D) Long 
flap of ten or fa ciae latae 1 '4 inches wide 
diisected free from thigh up to and inclnding 
mj cle fibere oI tensor fasciae latae (a) Flap 
of fascia extending up to «pinal mir=cle<; 
(b) hole drilled through femur at level of 
mserton of gluteus maximus tendon, (c) cut 
edges of fasaa approximated with «titore' 


Fic 229 Cap^ulolom} at knee joint 
(A) Posterior cap'Ulotomj of knee joint 
from lateral side Gastrocnemius origin 
and joint capsule are stripped subpcrio* 
tealij from back of femur (B) Through 
a «econd medial incision "ubpenosteal 
stripping of posterior capsule is com 
pleted UTien posterior etnictures of 
capsule are completely freed, knee can 
be put m full extension 

knee is graduall> extended bj a turnbuckle 
Should the fiexion defonnilv be verj severe 
or resist the means descnbed above, surgery 
must be resorted to [Even when the hinges 
are properlj placed, the use of excessive 
fort* in atlemptmg to correct the severe 
and resistant flexion deformities maj pro- 
duce posterior subluxnlion of the tibia on 
the femur A. raj check against this should 
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be made during tarnhuckle extension in 
severe cases —Ed ] 

The operation of posterior capsulotomy 
of the knee joint suggested bj \\ ilson has 
been extremely satisfactory 

Posterior Capsulotomy (Wilson) (Fig 
229) Over the lateral side of the knee an 
incision IS nnde from well above the con 
djle to the head of the fibula approximately 


then made from above the medial condyle 
to below (he joint line The postenor medial 
compartment of the capsule is opened The 
same subperiosteal dissection is carried up 
the posterior surface of the femur \\ itli the 
knee flexed and the posterior soft ti sue' 
retracted the tight capsule at the inter 
condylar space is opened subperiosteal!} 
and divided The peroneal nerve 'hould be 



Tic 230 (Lejl) Photograph of patient with a right knee 
flexion deformity of 35" before operation {Right) Complete 
correction of flexion deformity following operative procedure 


five inches in length The iliotibial band i 
divided transversely two inches proximal to 
the knee joint The biceps tendon is isolated 
for a distance of several inches above its 
insertion The peroneal nerve is visualized 
and retracted The biceps tendon is length 
ened The capsule is opened at the posterior 
compartment and with a periosteal elevator 
it is subperio»leall> stripped upward from 
the postenor surface of the femur several 
inches above the joint margin The outer 
head of the gastrocnemius is <ieparated from 
the lateral condyle A median inasion is 


protected and freed if it is tight on full ex 
tension After the wounds are sutured a 
circular plaster of pans spJmt is applied 
with the knee fully extended Careful atten 
lion must be paid to the circulation of (he 
extremity After two weeks the splint ma> 
be bivalved and physical therapy started 
After another three to four weeks a ringlock 
bnice IS applied and walking allowed With 
the knee fully extended The brace should 
be worn for several months to prevent pos 
mWc recurrence of the deformity 
Genu Recurvatum or Back Knee This 
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deformity, due to complete paralysis or 
marked weakness of the hamstring muscles, 
IS much less frequentlj encountered than is 
flexion deformitj In a few instances it is 



Fic 231 Operation designed to form 
a posterior check ligament at knee joint 
to prevent recur\atum (A) Incision 
through skin fascia lata, and periosteum 
and detachment of posterior third of 
periosteum from femur (B) Periosteum 
completely freed from femur and suture 
fashioned from an attached stripof fascia 
lata (C) Formation of new posterior 
check ligament of knee by suturing pen 
osteum and fasaa lata together 

a severe disability, and ingenious operative 
procedures have been devised to remedy the 
situation In most instances the disability of 
genu recur\atum may be corrected op 
erative procedures on the soft tissues TTie 
operation devised by Bruce Gill is aimed 


to create a new check ligament behind the 
knee joint 

Operation for Genu Recurvatuu 
(Bruct Gill) (Fig 231) A lateral inasion 
is made from the midthigh to the head of 
the fibula and a similar medial incision i 
made The fascia lata is divided and the 
femur is exposed laterally and mediall> 
The periosteum is divided medially and 
laterally in such a manner as to leave a 
posterior strip which is roughly one third of 
its entire circumference This is stripped 
from the femur from above downward to 
the knee joint where it blends with the pos 
tenor anh 'latenfi 'ligaments ot fnat joint 
The lateral ligaments are divided longitudi 
naliy The periosteal flap and the lateral 
ligaments are separated from the condyle 
of the femur and upper extremity of the 
tibia for a distance of approximately one 
half inch distal to the knee joint by an 
osteotome The posterior ligament of the 
knee joint is detached with the periosteum. 
A long strip of fascia is removed with its 
distal end attached This is used as a 
suture to approximate the free edges of 
the periosteum and fasoa lata behind the 
femur while the knee is flexed The farther 
distally the suture is carried the more the 
check ligament is shortened and the less 
extension is possible After the wounds are 
closed, a plaster of pans splint is applied 
with the knee slightly flexed For a period 
of three months the knee must be protected 
against bypetexiension (Fig 232) 

Operation on Bon\ Structures to Pee 
vxNT Genu Rzcorvatusi In certain in 
stances where this recurvatum deformity 
cannot be controlled by means of a soft 
tissue operation, it may be necessary to 
resort to operation on the bones themselves 
Oimpbell and Ivlayer have proposed very 
interesting surgical procedures, each of 
which consists in making an "olecranon 
process’ on the anterior superior articular 
surface of the tibia to impinge on the femur 
to prevent hyperextension Campbell uses 
the patella stripped of cartilage, and Mayer 
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a bone graft, to implant into a cleft dnven 
into the upper surface of the tibia These 
procedures are both effective, but the in 
dication for them will not be frequent 
Paralysis of Quadriceps Femoris This 
frequently means an unstable knee joint 
nhich will usuallj require a nnglock brace 
to allow the patient to bear weight It is 
however, not infrequent to see a knee joint 
stabilized despite loss of power in the 
quadriceps muscle when the calf muscles 
and flexors at the hip joint are active Such 
a knee joint is locked in a little hyper 
extension each time the patient takes a 
step In an attempt to stabilize the knee 
joint and to allow active extension the 
paralyzed quadriceps is at times replaced 
by the active hamstring muscles This, of 
course, is not possible unless there are one 
or more active flexors of the knee joint 
It IS usuallj not recommended unless the 
gastrocnemius muscle is active Under these 
circumstances it may quite often be an un 
necessary procedure viewed from the stand 
point of 1 stabilization of the knee joint 
In the presence of paralysis of the extensor 
muscles of the hip the operation will 
usuallj fail Should (he occasion arise where 
It <5eems advisable to do a tendon transfer 
ence at the knee to restore extensor power, 
anj flexion deformity, if present, must be 
corrected either by supracondylar osteotomy 
or posterior capsulotomy Various muscles 
have been suggested and tried for transfer 
ence to the patella The tensor fascia le 
moria and sartonus which would seem to be 
satisfactory from an anatomic standpoint, 
are inadequate, and the division of the 
tensor fascia femons upsets the stability of 
the knee joint The semitendinosus and 
semimembranosus have not proved satis 
factorj , and it is pretty well agreed that the 
bicef» lemons lends itself best to the opera 
tion, though the semitendinosus is at times 
used alone or in conjunction with the bi 
ceps 

Transference of Biceps Femons or 
Semitendinosus into Patella The best 


descnption of this operation is that of Crego 
and Fischer (Fig 233) ‘\n incision is made 
over the lateral side of the thigh from mid 
thigh to a point two to three inches distal 


A B 
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Fjc 232 (A) Photograph of patient 
aged seven with marked genu recur 
vatum of left knee (B and C) Same 
patient five jears after operation No 
recurvatum on standing \Vhen paUent 
lies down and pressure is applied to the 
leg and foot, there is no tendencj to 
assume recurvatum deformitj 

to the fibular head The biceps insertion is 
divided with a small segment of bone or 
cartilage attached or an attached strip of 
fascia an inch or two distal to its insertion 
The tendon is retracted and the peroneal 
nerve should be visuabzerl and carefully 
protected In order to free the biceps to 
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the midthigh it will be necessary to divide 
some of the muscle fibers of the short head 
which arise from the Imea aspera to a point 
two inches above the lateral condyle The 
freed tendon is then passed obliquely 
through a subcutaneous tunnel into a sec- 
ond incision This second incision is made 


detaching it from its origin on the tibia be- 
neath the sartonus This mu«cle, whidi has 
a long rounded free tendon, is also passed 
through a subcutaneous canal to a second 
inasion and it in turn is sutured to the 
patella in a similar fashion, and the two 
transferred ten'^ons are in turn sutured to 



Fig 253 Transplantation of biceps femoris (and/or seim 
tendinosus) (A) Exposure of biceps femoris muscle and tendon 
{,BI Preparation of anterior surface of patella for reception of 
tendon or tendons into a vertical groove m patella, with drill 
holes for retention sutures (C) Tendon in place sutured to 
patella (D) An alternate method of suturing biceps or semi 
tendinosus or both to patelb suggested bj Steindler 


over the anterior medial aspect of the knee 
to eiqaose the quadriceps tendon, patella, 
and ligamentum patellae The transferred 
tendon is then sutured subperiosteally into 
a groove in the patella using drill holes to 
anchor the sutures, or the tendon may be 
passed through a tunnel m the patella and 
sutured to itself If the semitendmosus ten 
don IS used it must be secured through a 
medial incision of about the same length by 


each other After closure of the wounds the 
knee must be kept in complete extension 
with a arcular plaster-of pans splint for 
from four to six weeks At the end of three 
weeks the plaster «-plint may be bivalved 
and active and passive motion allowed 
daily 'Weight bearing should be commenced 
at 8 to 10 weeks, using a nnglock brace to 
maintain extension for approximately two 
additional months It is, of course, neces 



TREATMENT OF LOWER-EXTREMITY LESIONS 227 


sary to re educate the transferred muscite 
from flexion to extension Complete exlen 
Sion of the knee against gravity should not 
be expected, but the increased power in 
the quadriceps is of value [Steindler’s sug 
gested alternatne procedure is al«o shown 
in Fig 233 ] 

The Completely Unstable Knee For 
the knee that is completely unstable and 
requires a nnglock brace to allow the pa 
tient to walk, m certain instances an arthro- 
desis offers the patient a chance to get nd 

\ B 


a«5«e*^ing the \alue of a knee fusion in i 
patient with anterior poliomjelitis A per 
manently siift knee has obvioua disid^m 
tages It gets in the waj and is rather apt 
to be broken if there is a bid fall, but the 
mere freedom from i brace u«uill> out 
wei^ these objections in the patient s 
mind Braces, too, are awkward and the\ 
break, and the patient is at the mercj of 
the braceniaker The procedure of arthro 
desis of the knee is most efficacious in tho^e 
patients with paralysis limited to one leg 
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Fic 234 (A) Photograph of patient with extensive paralysis of both lower exlremitie* 
with a flail left knee She was extremely helpless and dependent on braces (B and C) 
JO years aficr arthrodesis of left knee joint which has made possible stable weight bearing 
ami freedom from braces Feet are al o stabilized 

Fig 235 Roentgenogram of left knee of the patient shown m Fig 234 showing solid 
arthrodesis of knee joint with trahscu}aUon of bone extending across former joint line 


of his bnce This operation preferably 
should be done after the age of 13 or 14, 
when the growth period is approaching its 
end If the hamstring muscJes are actue, a 
postoperative flexion or knock knee de- 
formity IS apt to develop through the un 
umterl epiphyses if the operation is done 
at loo early an age It is essential to allow 
the patient to make up his mind whether 
he prefers a stiff knee or a brace per- 
manently There are very definite advan 
tages and disadvantages to be consideretl in 


If both legs are badly paralyzed, an ar- 
throdesis may be done on one knee while 
the opposite knee is stabilized by a brace 
There have been rrnny technics advised for 
fusion of the knee joint, but for simplicity 
and ease, that of Hibbs stands up under the 
test of years 

Arthrodesis of Knee (Hibbs) (Figs 
Z34 and 2J5) A (ransver'eJy curved m- 
asion IS made below the patella and deep- 
ened to the joint The cartilage is removed 
from the articular surface of the femur and 




ANTERIOR POLIOMYELITIS 


228 

tibia The patella is enlirelj freed from its 
attachment and the articular cartilage is 
removed A groove is made in the intercon 
dylar area of the tibia and the femur and 
into this the patella is mortised The pen 
osteum of the patella is sutured across the 
front of the erased knee joint as the capsule 
IS dosed After closure of the wound a 
plaster of pans spica bandage is applied for 
several weeks followed bj a long leg arcular 
plaster of pans bandage which is worn until 
the fusion is solid This vanes from four to 
eight months Weightbearing is allowed 
from to three months after operation 
(For other technics of knee fusion see 
Chapters 14 and IS ) 

Torsion of Tibia and Femur Torsion 
of the Ubia and femur is not vnfrequentl> 
encountered in patients with anterior polio 
myelitis and it may be corrected by oste 
otomy of the bone involved Tibia! oste 
otomy should be performed at the upper 
extremity where healing takes place readily 
Femoral osteotomy for torsion is preferably 
performed in the supracondylar region after 
the proximal femoral fragment has been 
fixed by a steel pin through the shaft of the 
bone just below the trochanter In either 
case the distal fragments should be rotated 
medially or laterally as the occasion de 
mands The extremity is immobilized in a 
circular plaster -of pans splmi until the 
fracture is healed In the femoral osteotomy 
a. plaster of parts spica will he reqjured 

Foot and Ankle 

Since weight bearing begins with the foot, 
and because involvement of muscles con 
trolling the foot and ankle is so frequently 
encountered as an aftermath of anterior 
poliomyelitis, there are numerous opera 
tions that have been devised to stabilize or 
improve the function of the paralyzed foot 
The ankle joint is a hinge joint with motion 
m two directions only, while the tarsal 
joints owing to their muUipItaty, allow 
motion in all possible directions It is there 
fore possible for a patient with poliomyeli 


tis to have a large variety of deformities 
of the foot such as eqmnus, due to paralysis 
of the anterior tibial group , calcaneus, due 
to paralysis of the triceps surae muscle, 
lalgus, due to anterior and posterior libial 
weakness or paralysis, varus, due to pero 
neal muscle weakness or paralysis, and 
cCifus, due to paralysis or weakness of the 
intrinsic muscles of the feet These basic 
deformities are often present m combma 
tion, such as equinovatus or valgus, cal 
caneovalgus or equinocavovariis etc There 
is, finally, the foot which is totally lacking 
m muscle power, called the flail foot 
The procedures devised to stabilize the 
feet are many, and the vast majority are 
directed to the bony structure of the foot 
m aw aliempt to provide a stable weight 
bearing mechanism m a favorable position 
Tendon transference has its place, but it is 
usually an adjunct to the stabilization op- 
eration, and only rarely will the transfer 
ence of tendons serve by itself to produce a 
mechanism that will stand up under the 
stress of weight bearing 
Clawfeet This is a deformity m which 
the toes are hyperextended at the meta 
tarsopbalangeal joints and flexed at the in 
terpfaalangeal joints Painful calluse:> form 
beneath the metatarsal heads and corns on 
the involved toes The deformity varies 
from mildly hyperextended toes to a real 
cavus deformity of the foot with an enor 
mnusly exagggraied. arch. with, the forefoot 
gradually approximating the rearfoot If 
the deformity is mild, the simple removal 
of the deforming factors, the long toe ex 
tensor muscles will suffice The operation 
devised by Hibbs of transferring the long 
toe extensors to the cuneiform bones to 
gether with a plantar fasaotomy will cor 
rect the deformity and prevent its recur 
renor Since the short extensor to the great 
toe d<^ not affect the interphalangeal joint 
it IS invariably necessary to arthrodese this 
interphalangeal joint in the extended po«i 
tion Should the cavus deformity be severe 
in addition to the tendon transference it 
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^sj)J be necessary to do a wedge shaped 
«ection through the tarsus to correct the de 
fonnit> 

TR/rNSFERE^CE OF ExtENSOR l^SGVS 
DlCITORUil AND LoNGUS HalIUCTS INTO 

Cdneiform Bones (Hibbs) (Fig 236) 
Through a median Jongitudinal incision on 
the dorsum of the foot, the extensor hallucis 



Fio 236 Transference of tendons of 
extensor •digitorum longus and extensor 
hallucis longus to cuneiform bones for 
claw foot A slight modification of technic 
originally described by Hibbs (A) Gen 
oral arrangement of extensor tendons to 
toes (B) Tendons are dnided as far 
distally as possible A drill hole is made 
through the two lateral cuneiform bones 
and through this the extensor digitorum 
tendons are passed from lateral to medial 
Eiie ani fne leniion trt the extensor 
hallucis longus is passed from medial to 
lateral side and they arc sutured to 
themecKes and (C) to each other 


phalangeal joint With a small osteotome 
the articular surface is remo\ed and the 
toe IS placed m full extension If necessary 
a small incision is made on the inner side 
of the heel and a subcutaneous division of 
the plantar fascia is done [Many men pre 
fer to do a Steindler stripping rather than a 
subcutaneous division of the plantar fascia 
It transfers the posterior attachment of the 
fascia forward without fear of further con 
tracture of the fascia from operative scar 



Fig 237 Diagrammatic representa 
tion of cav’us foot showing (A) wedge 
of bone to be removed with base of 
wedge at dorsum of foot and apex at a 
point on plantar surface of loot vcli 
below skeletal elements (B) Removal 
of wedge with correcuon of cavus de- 
formity 


longus and extensor digitorum longus ten 
dons are isolated and divided as far distally 
as possible A tunnel is made through the 
middle and lateral cuneiform bones with a 
drill and the long toe extensor tendons arc 
passed through this from lateral to medial 
side and the extensor hallucis longus from 
the medial to lateral side, and the tendons 
arc then sutured to themseh es and to each 
other A second incision is made at the 
medial side of the great toe at the infer 


ring The incision is made over the inner 
side, extending from the posterior process 
forward to lyi inches in front of the inner 
tubercle of the anterior process on a level 
with the deep surface of os calcis The 
plantar fascia is dissected free from its 
fatty and skin covering for Us entire width 
A transverse inasion is then made through 
the whole width of the blending of fascia 
with periosteum of os calcis The under- 
lying muscles are sinRiciI bluntly from the 
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peroneus longus, that an attempt is always 
made to use an existing tendon sheath If 
however the tendon nill not glide freely 
because it is too crowded by already exist 
mg tendons, provided the tendon is passed 
beneath the annular ligament at the ankle 
the rest of its course may be directed sub 
cutaneously 

GROUP IV TRICEPS SUSAE OR CASTRO 
LNEUIUS AND SOLEUS MUSCLE INSUFEI 

azNCY The d>Tiamic calcaneus foot is a 
ver> poor weight bearing mechanism seen 
with or without various combinations of 
lateral imbalance (1) In early cases with 
out skeletal distortion and with weakness or 
paralysis of the triceps surae alone, a pos 
tenor transference of the tibialis anterior 
through the lendo achillis to the os calas 
alone will sufbce (2) In early cases with 
complicaUng lateral imbalance transference 
of the active invertors or evertors as the 
case may be, through the tendo achillis to 
the os calcis should be done (3) In late 
With skeletal distortion with lateral 


The peroneus longus and tibialis posterior 
are withdrawn into this mci'ion and passed 
through the sheath of the tendo achillis 
crossed behind the tendon, and each passed 
through the drill hole, the peroneal tendon 
passing from medial to lateral side and the 
posterior tibial tendon in the opposite direc 
tion The tendon ends are sutured to the os 
calcis and to the tendo achillis Peabody 
states that the tibialis posterior and pe 
roneal muscle are short range stabilizing 
muscles and that their transference into the 
os calcis may prevent calcaneus but they 
will not develop sufnaent power to permit 
a tiptM gait He therefore prefers to trans 
fer the tendon of the tibialis anterior muscle 
through a trap door in the inlerosseus mem 
brane in the middle third of its extent along 
the course of the soleus muscle to the 
region of the tendo achillis where the an 
tenor tibial tendon is inserted into the 
sheath of the tendo achillis through a split 
IQ the substance of the tendon and anchored 
in a drill hole in the os calcis 
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will be necessary to do a uedge shaped 
section through the tarsus to correct thi de 
formity 

TiLlNSFEHEN CE OF EXTENSOR LONGUS 

DiciiORUU AND Longds Hallucis into 
C uNErroRM Bones (Hibbs) (Tig 236) 
Through a median longitudinal inasion on 
the dorsum of the foot, the extensor halluas 



Pro 236 Translerence of tendons of 
extensor digitonim longus and extensor 
hallucis longus to cuneiform bones for 
clawfoot A slight modification of technic 
originally described by Hibbs (A) Gen 
eral arrangement of extensor tendons to 
toes (B) Tendons are divided as far 
distally as possible A drill hole is made 
through the two lateral cuneiform bones 
and through this the extensor digitorum 
Ifodojis are passed lr<m htersl to medial 
side and the tendon of the extensor 
hallucis longus is passed from medial to 
literal side and they are sutured to 
themselves and (C) to each other 


phalangeal joint With a small osteotome 
the articular surface is removed and the 
toe IS placed in full extension If necessary, 
a small incision is made on the inner side 
of the heel and a subcutaneous division of 
the plantar fascia is done [Many men pre 
fer to do a Slemdler stripping rather than a 
subcutaneous division of the plantar fascia 
It transfers the posterior attachment of the 
fascia forward without fear of further con 
tracture of the fascia from operative scar 



Fig 237 Diagrammatic representa 
lion of cavus foot showing (A) wedge 
of bone to be removed with base of 
wetfge aC dorsum of foot and apex at a 
point on plantar surface of foot wefi 
below skeletal elements (B) Removal 
of wedge with correction of cavus de 
formity 


longus and extensor digitorum longus ten ring The incision is made over the inner 
dons are isolated and divided as far distally side, extending from the posterior process 
^ tunnel is made through the forward to inches in front of the inner 

roid e and lateral cuneiform bones with a tubercle of the anterior process on a level 

extensor tendons are with the deep surface of os calcis The 

j this from lateral to medial plantar fascia is dissected free from its 

the extensor hallucis longus from fatty and skin covering for its entire width 

are ih^ lateral side, and the tendons A transverse incision is then made through 

other ^ A themselves and to each the whole width of the blending of fascia 

medial « made at the with periosteum of os calcis The undec- 

• e 0 the great toe at the inter lying muscles are stripped bluntlv ffom the 
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os calcis forward to the calcaneocuboid ward, where they reattach in the corrected 
junction, together with the long plantar position of the foot —Ed ] 

Ugaraent running between the os calas and In the presence of marked bony caNnis 
the cuboid One must keep close to the deformitj of the foot (Figs 257, 23S, and 



Fio 238 {Le}l) Photograph of patient with marked bilateral cavTis deformity and clawfeet 
A fi\e-jear old boy mth a definite history of anterior poliomjcIUis during infancy (Second 
third and fourth tUiislrations) Photographs after tarsal 'ection and transference of tie long 
extensor tendon to cuneiform bones There has been a marked correction of deformity Patient 
was greatly improved from standpoints of comfort and stability 



Fig 239 Lateral roentgenograms of cavus feet ^own in Fig 238 before and after tarsal 
«ection and transference of long toe extensors Note that after operation, architecture of feet is 
relatively normal 


bone at all tunes to atoid damage to the 239) a wedged osteotomy of the naviculo- 
plantar vessels and nerves With the cor cuneiform joint and through the cuboid 
rection of the deformity following ibis bone la done This should be shaped so that 
procedure the attachments of the plantar the apex of the wedge is below the bones 
tasaa the underlying intrinsic muscles and of the foot After closure of the wound a 
the long plantar ligament are shifted for plaster of pans boot is applied with the 
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foot in the corrected positioij This boot is 
worn for a period of six weeks onl> if the 
tendon transference alone is done If a bony 
redge has been excised from the tarsus, 
the boot should be \sorn from 10 to f 2 
weeks though weight hearing in plaster 
may be allowed after six weeks 

Other Tendon Transference in Toot 
As a procedure per se, the transference of 
tendons of the foot has received but hllle 
recognition compared with the various 
stabilizing operations hfayer has written 
extensively from a technical standpoint and 
Peabody has presented interesting results 
m a large series of cases Peabody’s classi 
fication of the various types of paralyses of 
the muscles affecting the foot and the indi 
cations for tendon transference are so 
clearly expressed that it seems advisable to 
include them in this presentation The 
technical details of tendon transference m 
the foot require a fundamental knowledge 
of the anatomy and rmj«cular kinetics of the 
foot and some few details of the proper 
handling of the tendons which are to 
be rerouted Pre existing tendon sheaths 
should be utilized as far as possible or some 
gliding mechanism should be provided Ten 
don is attached more firmly and securely 
if It can be passed through a tunnel of bone 
Silk IS, m nil probability, the best suture 
matenal 

GROUP I LIMITED extensor INVERTER IN 
SUFFICIENCY, largely limited to weakness or 
piraljsis of the tibnlis anterior This is a 
foot with inadequate dorsiHexion retracted 
toes, and cavus deformitj occurring as the 
effort IS nnde to dorsiflex the foot On 
weight bearing these feet go into valgus or 
at times cavais In this type of foot, trans 
fcrencc of the extensor hallucis longus into 
the base of the first metatarsal is sufiiaent 
except in cases where there is marked \al 
gus, either relaxed or fixed, and m this type 
of foot an arthrodesis of the talonavicular 
joint IS done In addition to the tendon 
transference In all instances the contrac 
ture of the Adiillcs tendon has to be over 
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come with either gradual stretching or sur 
gical lengthening 

Transference af Extensor HaUncts Ten 
don (fig 240) An incision approximately 
three inches in length is made over the 
course of the extensor hallucis longus ten 
don The sheath is incised and the tendon 



Tic 240 (Left) Photographs of a 
patient with limited extensor inverter in 
suffiaency, with cavus deformity and 
retraction of toes on effort to dorsifiev 
fool {Right) Photographs of same pa 
lient s foot following transplant of exten 
sor hallucis longus into base of first 
metatarsal and extensor longus digitorum 
into cuneiform bones with arthrode is of 
great toe interphalangeal joint It will be 
noted that cavus deformity is practically 
gone and patient now dorsiflexes foot 
verv well 

IS divided as far distal as possible, carefully 
preserving the extensor brevis tendon A 
tunnel is made m the base of the first meta 
tarsal bone and the tendon is passed 
through this and sutured to itself The inter 
phalangeal joint of the great toe should be 
arthrodesed m extension to prevent ham 
mertoe In case there is marked valgus 
the talonavicular joint should be exposed by 
a mednl longitudinal inasion and the v 
ticular cartilage removed from tlic adjacent 
bone surfaces If gooif contact is secured 
a solid bony fusion should ensue A small 
bone graft from the lower Ubia may be 
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added, and in small children it will be 
necessar> This should be countersunk in a 
prepared trough in the talus and na\icular 
bones \fter closure of the wounds, a circu 
lar plaster-of pans boot is applied to be 
worn for a period of six weeks if the tendon 
transference alone has been done, and up to 
10 weeks if the arthrodesis has been added 


241) In this tj^pe of foot U is at times 
necessary to supplement a tendon trans- 
ference with a stabilization operation 
Through a small longitudinal inci«ion at the 
calcaneocuboid joint the peroneus longUi 
tendon is identified and divided as far dis- 
tallj as possible A second longitudinal in 
cision 3 to ^y. inches long is made over the 



Fig 241 Traruplani of peroneus longus tendon into middle cuneiform bone (A) Shows 
point at which peroneus longus tendon is cut on lateral side foot (B) Peroneus longus 
tendon withdrawn into <econd incision (C) Peroneus longus rerouted toward dorsal sur 
face of foot (D) Gliding mechanism devised b} Majer by suturing peroneal «healh to 
anterior iibial sheath (L) Insertion of peroneus longus tendon into a tunnel in dorsal 
surface of middle cuneiform bone 


CROUP It CROSS EXTENSOR ISVTRTER IN 

s\37nciE>cv T}pc A \S eaknKS or paral> 
IIS of the long toe extensors and tibialis 
antenoT with the posterior tibial muscle 
lelativclj unimpair^ In this situation (he 
peroneus longus is transferred to the dorsal 
aspect of the medial cuneiform bone In 
about one-haU of the«e cases arthrodesis of 
the lalomvtculir joint is required where 
structural changes m bone or soft parts pre- 
vent satisfactorj alignment 
Tramftrence of Peroneus Loit^us to Dor 
sal Surface of Medtal Cuneiform Bone (Fig 


course of the peroneal muscles in the lower 
third of the leg The peroneal sheath is m 
cised and the longus tendon, which lies 
superficiall> , is withdrawn from the wouiwl 
A gliding surface for the transferred tendon 
IS formed b> suturing the open peroneal 
sheath to the open anterior tibial sheath 
This IS described b> Ma>er A third longt 
tudinal inasion is made over the medial 
cuneiform 2j4 to 3 inches in length The 
sheath of tfie tibialis interior tendon m 
opened, and a wire loop or tendon earner 
is passed upward in the tendon sheath be 
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neath the anterior crural ligament to the 
second inasion The tendon of the peroneus 
longus IS then threaded through the sheath 
of the anterior tibial muscle and inserted 
m a tunnel at the dorsal surface of the 
medial cuneiform bone The tendon may be 
passed through a subcutaneous tunnel in 
stead of utilizing the existing tendon sheath 
It has been shown by Peabody that if the 
transferred tendon is carried to the inser 
tion of the tibialis anterior a valgus foot at 
times is converted into a varus foot A 
talonavicular or complete subtalar arthro 
desis may be necessary to stabilize such 
feet After closing the wounds, a plaster 
of pans circular bandage is applied with the 
foot in the corrected position This is worn 
for SIX to eight weeks if tendon transfer 
ence alone has been done, and for 10 to 12 
weeks if bone stabilization has been added 

Type B Severe Paralysts of Both Ttbtal 
Muscles and Long Toe Extensors In these 
feet both peronei are transferred to the 
dorsum of the foot, and m longstanding 
cases or in tho^e with severe deformity, a 
subtalar arthrodesis is performed in addi 
tion 

The technical procedure of transference 
of both peroneal muscles is similar to that 
described above except that the peroneus 
brevis is added and the two tendons are 
threaded through the tunnel on the dorsal 
surface of the middle and medial cuneiform 
bones These tendons are sutured to them 
selves and to each other after passing 
through the tunnel This foot will almost 
certainly require a subtalar arthrodesis 

CROOT nr FVERTOB TNSUmcIENCY— LOSS 
OF TOWER OF Tire PERONEI MUSCLES A 

transference of the extensor ha/fucis fongus 
to the base of the fifth metatarsal bone is 
performed if the peronei show slight or 
moderate impairment or if there is slight 
weakness of the tibialis posterior ttTien 
these muscles are more «everel) damaged, 
the tibiahs anterior is transferred into (he 
cuboid bone as well ^\'hcn there is complete 
peroneal muscle paralj-sis with a normal 


posterior tibial muscle, security against 
\arus may be obtained only by tenotomy 
of the posterior tibial muscle \arus de 
formity or instability of long standin, will 
always require stabilization by subtalar 
arthrodesis 

Transference of Extensor Ilallucn Loti 
gus Tendon to the Base of the Fifth Mtia 
tarsal Bone A median incision is made o\er 
the dorsal surface of the foot three to four 
inches in length The tendon of the exten tr 
hallucis longus is isolated and divided a 
far distally as possible The interphalangeal 
joint of the great toe must be arthrodesed 
in extension in this case The tendon and a-^ 
much of its sheath as possible is then re 
directed laterally across the dorsum of the 
foot to the base of the fifth metatarsal bone 
where through a second incision two inches 
long It IS passed through a drill hole in the 
bone and sutured to itself 

Transference of Anlertor Ttbtal Mitsch 
into the Cuboid Bone A longitudinal in 
cision IS made over the dorsal surface of the 
foot, m the midhne, about three inches in 
length The tendon of the tibialis anterior 
IS identified and divaded at its insertion by 
retracting the skin medially As much of 
the sheath of the tendon as possible is pre 
served A second incision is made over the 
lateral side of the tarsus to expose the 
cuboid bone In this bone a tunnel is con 
strucled from above downward and later 
ally with a drill and curet The tendon of 
the tibialis anterior is passed «ubcutane 
ously from the first incision to emerge at 
the second incision where it is threaded into 
the tunnel in the cuboid bone and sutured 
to itself with the foot at 90° to the long axis 
of the feg and neutraf fateral position After 
closure of the wounds, a plaster-of pans 
bandage is applied (o be worn six weeks if 
the tendon transference alone is done If a 
Subtalar arthrodesis is done, a plaster-of 
pans bandage must be worn for from 10 to 
12 weeks It should be noted in lhe«c van 
ous tendon transference operations, such as 
transference of the tjbiahs anterior and the 
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peroneus longus, that an attempt is al^>s 
made to use an existing tendon sheafli If 
however, the tendon will not glide freely 
because it is too crowded bj already exist 
mg tendons, provided the tendon is passed 
beneath the annular ligament at the ankle 
the rest of its course may be directed sub 
cut3neousl> 

CROUP IV TRICEPS SURAE OR CASTRO 
CNEMIUS AND SOLEUS MOSCtE INSUPFI 

ciENCY The dynamic calcaneus foot is a 
verj poor weight hearing mechanism seen 
with or without various combinations of 
lateral imbalance (1) In early cases with 
out skeletal distortion and with weakness or 
paralysis of the triceps surae alone a pos 
tenor transference of the tibialis anterior 
through the tendo achillis to the os calcis 
alone will suffice (2) In early ca«es rntb 
complicating lateral imbalance transference 
of the actne msertors or evertors, as the 
case may be, through the tendo achillis to 
the os calas should be done (3) In late 
cases with skeletal distortion with lateral 
imbalance it is necessary to add a stabiliza 
tion operation to the tendon transference 
procedure (4) In late cases with no lateral 
imbalance the stabilization operation with 
posterior transference of the peroneus 
longus and tibiabs posterior is indicated 
The transference of the tibialis antenor 
whenever possible is the procedure of 
choice 

In weakness oc pacaljsis of the caU 
muscles it seems probable that no tendon 
transference alone will e%er serve to stabi 
Uze or render the fool quite normal To 
replace the lost muscle power of the calf, 
Ober advocates transference of the pe 
roneus longus and tibialis posterior to the 
os calcis as follows These tendons are di 
vided as near their insertion as po<sibIe 
through small incisions on the medial and 
lateral side of the foot The lateral incision 
may be continued proximally exposing the 
Achilles tendon and os calas A drill hole is 
then passed through the os calas just in 
front of the insertion of the tendo achillis 


The peroneus longus and tibialis posterior 
are withdrawn into this incision and passed 
through the sheath of the tendo achillis, 
crossed behind the tendon and each passed 
through the drill hole, the peroneal tendon 
passing from medial to lateral side and the 
posterior iibial tendon m the opposite direc 
tton The tendon ends are sutured to the os 
calas and to the tendo achillis Peabody 
states that the tibialis posterior and pe 
roneal muscle are short range stabilizing 
muscles and that their transference into the 
os calas may prevent calcaneus but they 
will not develop sufficient power to permit 
a tiptoe gait He therefore prefers to trans 
fer the tendon of the tibialis anterior muscle 
through a trap door in the interosseus mem 
brane in the middle third of its extent along 
the course of the soleus muscle to the 
region of the tendo achillis where the an 
tenor libial tendon is inserted into the 
sheath of the tendo achillis through a split 
in the substance of the tendon and andiorcd 
in a drill hole in the os calcis 

STABILIZATION OP TOOT 

The foot damaged as a result of anterior 
pohomjehiis ma> be stabilized with de 
formit) corrected by means of various 
surgical procedures which are designed to 
eliminate lateral mobility Tins motion 
lakes place chieflj if not entirelj in the 
joints beneath and distal to the tilus Davis, 
Hoke, Rietson, Campbell Dutm, WTutman 
Brewster, and others have written exten 
sivelj of various procedures which have 
been found useful in «ecuting stability of 
the paraljzed foot The principles involved 
m these procedures are quite simple, but 
their application and indication require con 
«iderable expenence 

It IS now pretty universally conceded that 
effective stabilization of the paraljtic foot 
is secured only by arthrodesis of the talo- 
calcaneal, talonavicular, and calcaneocuboid 
joints This procedure is called a subtalar 
or subastragalar arthrodesis and by some 
a tuple arthrodesis The procedure cannot 
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M done satisfactorily on immature feet as 
the bones ire too much in the cartilage stage 
and failure of fusion or growth disturbance 
may ensue No definite arbitrary age limit 
may be eatablished, but the roentgenograms 
of the foot will tell quite readily whether 
the stage of ossification is such as to war 
rant attempt at surgical fusion An ex 


a tourniquet has been applied to the upper 
thigh, the joints are exposed through a 
lateral incision, which mi) be curved or 
straight, extending from just in front of the 
lateral malleolus forward over the calcaneo- 
cuboid joint to the lateral surface of the 
foot The extensor digitorum brevis mu_cle 
IS e^sed and detached with a periosteal 



Fio 242 A diagrammatic repre«entalion of a subtalar or triple arthrodesis (A) Shaded 
area shows joints and adjacent bone removed from talus and navicular, talus and os cakis 
and os calcis and cuboid bones (B) Skeleton of foot after removal of articular «ur/ace 
with bones in contact 

Fic 243 A diagrammatic representation of a foot wjih varus deformity It will be 
'Hitjvl \iwA few?. z.wA ww-toiIiv os. calcvs awi cwhovi ajod 

talus and os calcis joints (A and B) have their bases directed to outer side and their 
apexes to inner side of foot in order to allow correction of varus deformity (C and D) 


(remel) important factor to be borne in 
mind IS the continued unopposed pull of 
unpanlyzed muscles upon these feet in 
which irthrodesis is to be done These 
dynaintc deforming factors must be neutral 
ned by tendon transference to a neutral 
position or the deformity util recur 

Subtalar Arthrodesis (Fig 242) The 
operntion of subtalar arthrodesis has manj 
variations depending upon the deformit) to 
be corrected, but bisicall) the fundamental 
procedures are alike in all instinces After 


elevator from the os calcis and reflected for 
ward The os calcis cuboid and navicular 
bones are exposed subperiosteill) , carefully 
protecting the common extensor tendons in 
front and the peroneal tendons poatenorlj 
Thewift tissues in the interval between the 
talus and the os calcis arc removed with a 
curette The next step is the exasion of the 
articular surfaces At this point the deform 
it> must be borne in mind and the procedure 
planned accordingl) ith in osteotome the 
head and neck of the talus is excised with 
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Fig 244 {Top) (A and B) Photographs of a 23 jear old man wnth marked equmo> 
^•arus deformity of the right foot following an anterior pohomjelitis at age three (C and 
D) Photographs taken five years after operative correction by subtalar arthrodesis with 
wedge osteotomies 

Fic 245 (Bottom) Lateral roentgenograms of nght foot of patient shown in Fig 244 
(Lcjl) Shows marked distortion due to varus deformity {Right) Shows correction of 
deformity in a stable weight bearing position after subtalar arthrodesis with wedge 
osteotomy 



STABILIZAriON OF FOOT 


the adjacent articular surface of the na\ic 
ular bone In a similar manner and ^\Uh 
panllel cuts the articular surface of the 
calcaneocuboid joint is excised Jf the foot 
IS in varus (Fig 243) bone removed from 
these two joints should constitute a wedge 
Hith Its base directed laterally and its apex 
mednlly suflicient in size to bring the foot 
into neutral position (Figs 244 and 245) 
On the other hand if the foot is m valgus 
(Figs 246, 247, and 248) the wedge has its 
base to the medial side and its apex later 
allj If there is a cavus deformity (Fig 237) 
bj it«;elf or in addition to the others, the 
wedge will have to be planned m such a wa> 
that the base is directed to the dorsal aspect 
and its apex to the plantar aspect of the 
foot After completion of the procedure on 
the forefoot, tbe joint between the talus and 
os calcis ta excised with an osteotome Here 
again wedges of bone removed depend on 
the doformitj encountered If the foot is in 
varus (Fig 243) the wedge has its base to 
the lateral side and its apex medially and 
if it IS in valgus the wedge has its base to 
the medial side and its apex laterally (Fig 
246) U, however, the foot is of the cal 
cancus type (Fig 249) the wedge has its 
base posteriorly and its apex anteriorly In 
most instances, the ligaments should be 
loo-sened sufficiently so that the foot can 
be set backward beneath the long axis of 
the tibia to lengthen the posterior or short 
arm of the lever If the bony apposition 
IS «atisfactor> , it is usually unnecessary to 
insert small bone chips The wound is 
sutured with one layer of interrupted silk 
with the foot m neutral position laterally, 
and in slight equmus A circular plaster of 
pans splint is applied from toes to the mid 
thigh with the knee flexed unless there is 
reason to guard against a flexion deformity 
at that joint The circular plaster should be 
'plit and bandaged The suture^ are rc 
moved at two weeks after operation and 
a plaster boot is applied from toes to below 
the knee The patient is allowed to liear 
weight in this boot after six weeks have 


elap^d from time of operation This sujv 
port IS discarded at 10 to 12 weeks after 
rqieration and no further support should be 
necessaiy [For other technics of wedge 
stabilizations, see Chapter 3 —Ed ] 
Astragalectomy Excision of the talus or 
astragalus to stabilize paralytic feet espe 
cially of the calcaneovalgus tvpe, has been 
advocated and practiced by Whitman It is 
said to be a more satisfactory procedure in 
children than in adults A slight shortening 



Fio 246 A diagrammatic reprc'enta 
tion of subtalar arthrodesis m a valgus 
foot Wedges removed from joints m 
this instance have their bases directed 
to medial side and their apices to lateral 
side (A and C) Show foot m valgus with 
shaded areas to be removed (B and D) 
show foot in corrected position after re 
moval of wedges of bone and joint 


of the leg ensues The fact that this pro 
cedure has rchlively few adherents in nil 
probability means that equally good or 
better results may be obtained by wedge 
arthrodesis of the subtalar joints 

Bone block Procedures Following ar 
(hrodesis of the subtalar joint there may 
be persisting equmus or calcaneus deform 
ily An attempt to remedy these has been 
made by various ankle block procedures 
anterior block Id prevent an extreme cal 
cancus has been deviled by Putti and pos 
tenor blocks have been devised by Campbell, 
Gill, Wagner, and others These blocks tend 
to disappear if inserted before the patient is 
12 or 13 years of age, and if they arc mark 
edly effective the mortise of the ankle joint 
IS apt to be sprung The posterior ankle 
block if successful will prevent the rcarfoot 



238 


ANTERIOR POLIOM\ELITIS 


Fig 247 



Fic 24S 


Fic 247 {Left) Photograph of valgus feet due to anterior po]iom>eIitts m a boj 
aged eight (RigAf) tyi jears after stabilization operation b} subtalar anhrode«cs with 
wedge oateotomies 

Fic 24S Lateral roentgenograms of patient shown m Fig 247 at time of operation 
and 6yj jears after operation Attention should be directed in the postopentnc 
roentgenograms to the blending of the os calcis, cuboid, nancular, and talus into one 
bone, wi'h trabeculation extending across former joint lines 



EQUALIZATION OF LENGTH OF LEGS 


from dropping but it exerts very little con 
trol over the forefoot (Fig 250) A more 
effective means of controlling cither the cal 
cancus or the flail foot is a fusion at the 
ankle joint with the foot in a few degrees of 
equinus This is performed after the sub- 
talar arthrodesis (Figs 251 and 252) {For 
technics of anUe joint fusions see Chapter 
IS-EdJ 

EQUALIZ\TION OF LENGTH 
or LEGS 

The failure of one lower extremity af 
fected by anterior poliomyelitis to keep up 
Its regular growth at times leads to a dis 
tressmg difference in length of legs which 
may be a major handicap It should be 
recalled that there is no means of fore 
telling the amount of shortening to be 
anticipated in anterior poliomyelitis involv 
mg a lower extremity At times with almost 
complete paralysis there is no shortening 
and in other instances with but slight pa 
ralysis the affected leg lags behind ingrowth 
A difference in leg length of more than two 
inches is unusual though instances of as 
much as five inches difference have been 
recorded A one inch difference or less may 
usually be completely disregarded and a 
difference of 1 to lyi inches or even more 
can be compensated by a raised heel on the 
shoe or an extension sole and heel 
The indications for attempting equaliza 
tion of the legs of a patient affected by 
anterior poliomyelitis should be carefully 
studied The discrepancj m length should 
be sufficient to make it a real disabilitj 
Most of these patients with short legs due 
to anterior poliomjelitis have extensive pa 
ralysis affecting the muscles controlling the 
hip knee and foot and the great bulk of 
their disabilitj is due to this muscle weak 
ness which will not be affected bj any 
equalization of the lower extremities 
There are two avenues of approach to the 
problem of leg equalization 

1 Lengthening of the short leg 

2 Shorten ng of the long leg This maj 
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be accomplished b> (a) growth arrest or 
(b) shortening of the tibia and fbula or 
femur 

Lenctiiemnc or Siiour Leo 
This IS by far the most formidable of the 
three procedures des gned to equalize the 




Fic 249 A diagrammat c representa 
tion of a calcaneocavus foot (A) Shows 
wedge of bone to be removed from mid 
tarsal region with its base directed dor 
sally and its apex to plantar surface 
Wedge of bone to be remoied at laJo 
calcaneus joint proper has its apex di 
rected anteriorly and its ba'c posteriorly 
(B) Shows bonj apposition obta ned 
after wedges of bone and jo nt have 
been removed and it should be noted 
that os calcis has been set backward 
beneath talus m order to lengthen short 
arm of lever 

length of extremities and it is prett> well 
conceded that it should not be lightlj under 
taken On the face of it leg lengthening 
xcems logical because it is an attempt to 
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create a T\hole individual with well 
proportioned legs The sound leg is left 
undisturbed and, therefore can be relied 
upon ibould disaster occur It is doubtful if 
an> surgeon nbo has done a reasonable 
number of the«e lengthening procedures has 
not narrowly missed disaster, if he has not 
actually encountered it Belayed union and 
infection are seen all too frequently m these 
subpai tissues which are further dental 
ized by the trauma of distraction In the 
hands of a few surgeons the procedure, with 
all its risks fully understood, may be done 
with reasonable chance of success, but its 
general u«e by the incTperienced is an invi 
tation to surgical di«;aster in the way of 
nonunion, necrosis of skin, osteomyelitis 
from wound infection etc The formidable 
nature of the operation should be fully 
understood and stressed Convalescence is 
extremely long at times up to one year or 
more Supplementary bone graft operations 
frequently have to be performed to hasten 
union The amount of suffering involved 
cannot be disregarded In fairness to the 
patient 

The various procedures advocated for 
lengthening the lower extremity have been 
largely directed at the tibia and fibula be 
cause of their easier control during the 
process of distraction and the lessened 
chance of infection delayed union or non 
Union all of which must be carefully 
guarded against 

Putti Abbott, Crego Brockway, Compere 
Alcorn and Bosworth have described van 
ous technics of leg lengthening I have 
observed a number of cases and done i few 
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by the Bosworth method It is as simple as 
any and it is effective 

Distraction of Tibia and Fibula (Bos 
worth) (Figs 253 254 255 and 25(.) The 
apparatus used consists of two side bars 
with a ratchet for distraction operated by 
keys pin guides and four pms The side 
bars are perforated at half inch interval 
to receive the pms which are locked hy set 
screna to the bars (Fig 2 j 3) Lir'chner 
wires and spreaders may be u ed with si Ic 
bars especially perforated for thtir u«e The 
operative procedure is as follows \ tour 
niquet is used at the upper thigh 

1 Lengthening of the tendo achilhs by 
a double L inci«ion 

2 Insertion of pins The four pms arc 
inserted into the tibial shaft two through 
the upper and two through the lower tibial 
metaphysis The pins of eacJj pair are sepa 
rated from each other bv one inch The skin 
in each instance is retracted as forcibly as 
possible toward the center of the leg before 
insertion of the pm to allow m part for 
subsequent stretching The pin guide is 
placed firmly against the inner side of the 
leg with the templet of the guide parallel 
to the sagittal plane of the tibia The guide 
Will mark on the skin the site for the four 
pins These tibial pms are designated as A 
B C, and D from above dowaiward Pm D 
IS inserted with a hand drill through the pm 
guide, transhaing the tibial shaft The sec 
ond pin to be inserted is pm C The third 
pin to be inserted is pm \ Then In placing 
the fourth pm B the pm guide should be 
sprung forward approaimateJy a quarter 
inch by removal of the guide from pm A 


Tie 250 Postoperative roentgenograms 'even years after 'ubtalar arthrodesis and posterior 
ankle-block operation Note that while ankle block holds rearfoot at approximately 100 to 
105® os plantar flexion forefoot actually drops into approximately 130 to 140 of plantar 
flexion 

Pic 251 Photograph of patient with flail left knee who was totally unable to stand before 
operation ankle and foot stabilized fay right and left subtalar arfhrode«ex arthroilesis of left 

knee joint and arthrodesis of left ankle joint following subtalar arlhrode«is 

Ffc 252 (A) Preoperative roentgenogram of left flat! foot of patient «bown m Dg 251 
'howint, extreme cquinus po-ition (B) Poslopentive roentgenogram showing 'ubtalir 
arthrodc«is and arthrode is of ankle font {.iving siaWc weight bearing in presence of com 
plcte paralysis 
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This offset of pm B serves to keep the tibial 
fragments m contact and to pre\ent anterior 
bowing A fifth pm is now inserted through 
the os cakis Dressings are c'iTefu\l> placed 
on the skin at the 'lies of all emerging pins 



Fic 2S3 (Top) Photograph of Bos 
worth leg lengthening apparatus from 
abo\e downward pm guide with tern 
plets inserted and fited with set <creiTs 
The tw 0 side bars w ith ratchets operated 
sJbA».a Uv t-WQ keys These hare are 
perforated at half inch intersals to re 
ceive the four Steinmann pins which are 
shown (Courtesj DaMd "M Bosworlh ) 
Do 254 (Botlom) Bosworth appa 
ratus consisting of two side arms at 
tached by four pins to tibial shaft 
Tongue and groove osteotomy of tibia 
and transverse osteotomy of fibula and 
pm through os calas to support foot are 
also shown suspension of apparatus to 
overhead frame by meara of wvtes at 
tached to pins la also shown Attention 
IS called to fact that the two keys are 
each inserted into the side amts and 
that the distraction is earned on by 
•ummg both of these kejs simultane- 
ously (Courtesy, David M Bosworth ) 


3 Osteotomy of libia and fibula Through 
an anterior medial incision, the tibial shaft 
IS exposed subperiosteally at its central por- 
bon Mith a motor saw the tibial cortex 
IS cut longitudinally on its medial and 
lateral surface for a distance of approxi 
mately four inches Distally these cuts 
in the bone are joined transvcr«elv and 
anteriorly with a fine osteotome dividing 
the tibial crest Proximallv the osteotomy 
IS completed posteriorly with a Gigli saw 
This leaves a tongue above and groove 
below The fibula mav then be divided 
through this me «ion exposing it subpen 
osteally by following the interosseus mem 
brane, taking due care to protect the v essels 
and nerves Usually no division of the fa<cia 
has been necessary 

4 The side arms are now placed over 
the pins and «ecured with the 'et screws 
About a quarter incli of lengthening is at 
once secured with the keys to stabihie the 
extremity The wounds are closed with a 
single layer of interrupted silk and dress 
mgs are npplied The apparatus is readily 
su.pended with balanced overhead traction 
to a balkan frame with a sting of muslin or 
flannel placed beneath the calf The foot is 
supported by the pin through the os calcis 
Sutures are removed on the seventh day 
and the distraction is not commenced until 
another two or three days have elapsed 
(Fig 254) 

5 Tbft. Viws*i,VAw.7-^ of. tlw vs 

commenced when healing of the wound is 
definite The keys in the side arms are 
turned one notch, or a tenth of an inch 
every other day, and the side arms arc 
<«curely locked at the added length In chil 
dren this lengthening may proceed a little 
more rapidly 

6 Fixation of the extremity When the 
desirerl increase in length has been obtained 
the pin through the os calcis is removed by 
cutting it with sterile rivet 'hears adjacent 
to the skin painting the area with 7 per cent 
iodine and withdraw ing it from the opposite 
side [Another method of withdrawing pins 
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is to heat the projecting point end to a dull moved by cutting the pins ^ith rivet shears 
heat with an alcohol lamp, the skin being After a few days the patient may be nllmved 
protected by a piece of cardboard slipped up with crutches 
over the pin When the pin is pulled through 7. In most instances if the paiicm is 
from the opposite side the heated end sten- over 12 years of age a bone graft m the 
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Fio. 255 Photograph of a girl aged 18 who contracted anterior poljoni>elitis at age 
two At time of operation her right leg measured inches and her left leg Sl}4 inches 
in length (A and B) Show patient before operation She has a marked pelvic tilt, and, 
in order to stand on both feet, must flex her good leg (C and D) Show patient after 
two inches’ length had been added by distraction of tibia and fibula AttenUon is called 
to fact that her posture Is very greatly improved She still has some knock*knee and 
slight anterior bowing of lengthened tibia. 



Tic 256. Roentgenograms taken during process of distraction of tibia and fibula on 
patient shown in I ig 25S, immediately after operation, during cour«e of lengthening, 
and end-result. It vmII be noted that this patient healetl with some anterior bomng of 
her tibi.i owing to fact that she was probably not immobilized Jong enough in plaster- 
of-paris. 

lizes the tract as it goes throvgh the tissues upper tibia! shaft should be done. This may 
—Ed ) A circular pla'iter-of-paris bandage be performed through a window in the cir- 
is then applietl from the toes to the mid- cular plaster bandage The circular plaster 
thigh, firmly incorporating the four libial splint with the pins incorporated Is worn 
pins. After this sets, the side arms arc re- until union of the fragments is certain, an 
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average time of three to five months The 
pins are then removed and another arcular 
plaster splint is then applied and worn for 
an average of seven to nine months The 
entire procedure will require approximately 
one jear Bj this method an average ^in 
in length of shortened extremities of ap- 
proximately two inches has been obtained 
with one instance where the ii\creased length 
was iyi inches (Figs 2SS and 2S6) 

The surgeon should have all the facts in 
mind before he embarks on a procedure of 
such magnitude and be quite certain that 
the end result will justify it 

Leg SnoRiENiNO 

Leg shortening of anj t^iie deals with the 
sound leg and the objections are obvious— 
namely that any chance of such complies 
tions as infection or nonunion would indeed 
be a catastrophe It seems that the answer 
to this is equally obvious The surgeon is 
dealing with sound health} tissues and the 
operative procedures are infinitely less dam 
aging and insulting to these tissues than are 
those involved m lengthening an extremity 
Under these circumstances a surgeon whose 
technic is uncertain and not skillful enough 
to avoid the complication of nonunion and 
infection except as a remote and totally on 
foreseen chance should avoid these and per 
haps all other operative procedures on bones 
or joints 

Arrest of Growth of Bone This is fee 
quently called epiphyseal arrest but it is 
actually the metaphysis which ceases to 
grow in length when there is an erasure of 
the epiphyseal cartilage "White uses the 
term metaphyseal arrest while many 
others prefer to use epiphyseal arrest 
Erasure of the epiphjseal cartilage plate 
results in a fusion of the epiphysis and 
diaphysis and the term epipbyseo diaphyseal 
fusion is accurate and descriptive of the 
condition which is surgically produced 
Phemister and "White have contributed con 
siderable valuable data on this subject As 
a method of leg equalization it can of 


course, be applied onlj to the growing child 
For the successful application of this method 
to equalize the length of legs a large amount 
of detailed and intricate knowledge of 
growth in children is necessarj A number 
of objections to the use of growth arrest 
have been vigorously stated The most jm 
portant of these is that there is no absolute 
cnterion for determining how much an mdi 
vidual child will grow It may also be said 
that there are as yet relatively few end 
results and that these arc of short duration 
The standards used in attempting to com 
pule expected growth m an individual have 
been rather crude The comparative heights 
of the two parents may vary up to 14 inches 
and over "WTiich parent the child will re 
semble at full stature it is quite impossible 
to predict To attempt to estimate expected 
bone growth on the basis of the average 
from prepared tables is a weak reed to lean 
upon when there a known vanation of 
over nine inches in boy’s and over seven 
inches m girls when growth is completed 
The long bones grow at different rates at 
various times during the growth period 
It is generally agreed that the femur 
achieves approximately of its growth 
from the distal metaphy’sis and the tibia 
and fibula approximately 3/5 of their 
growth from the proximal metaphysis and 
that almost 70 per cent of the growth of the 
lower extremity takes place at the distal 
(eranral and. proximal tibial au/l fihulax 
metaphyses Therefore any attempt to ar 
rest ^owth in the lower extremity will 
usually be directed at these areas IVhite 
has stated that to of an inch shorten 
mg per year during growth will ensue fol 
lowing a destruction of the lower femoral 
epiphyseal cartilage plate and that if the 
upper tibial and fibular epiphyseal plates 
are similarly destroyed twice that amount 
of shortening may be expected 
The most significant studv of this subject 
of growth of the femur and tibia has been 
comjdeted bv Gill and Abbott They have 
rwnoved the computation of bone growlh 
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irom the realm of guessing to v,hat appears 
to be scientific accuracj In a recent pre<ien 
tation, as yet unpublished “A Practical 
Method for the Prediction of the Growth of 
the lemur and Tibia in the Individual 
Child,' these authors have made, I believe 
a verj significant contribution to the sub 
ject of growth arrest \Vith their permission 
the method is presented in abstract form 

Detcmwalion of Expected Crouth oj 
A orvtd Femur and Ttbia 

I Essential Data Required A Ace op 
Child in Years and Months 

B Skeletal AIaturation Age, which may 
be determined by comparison of an antero 
posterior t ray of the hand with the standards 
m Todd s Atlas for the hand (Todd T W 
Atlas of Skeletal Maturation (Hand), St 
Louis, C V Jlosby Co ) 

The skeletal maturation age may also be 
determined from the knee but, unfortunately, 
Todd s standards for the knee are not prinM 
in Atlis form Tor this reason it is simpler to 
determine the skeletal maturation age from 
the hand 

C lOTAL Height This measurement is 
taken with the patient standing on the normal 
leg Blocks are placed under the short leg until 
the pelvis is level The buttocks shoulders 
and head should touch the wall 

D Lengths of 1 emur \nd Tibia This is 
to be determined from x rays of the femur and 
tibia taken at a distance of si\ feet, the tube 
to be centered in the approximate middle of 
each bone From these films the measurements 
are made as follows 

FEMUR — straight line from tip of femoral 
head to medial Iip of internal femora? condyle 
at joint line 

tibia— straight line from medial lip of m 
ternal tibnl cond)le at joint line to tip of 
Internal malleolus 

E Calculation op Length of Normal 
Femur and 'Iibia as Ferceniace op 
Stvture From the height and the lengths of 
the normal femur and tibia the present femoril 
and tibial percentages of stature arc calculated 
ns follows 

Femoral per cent of stature = Length 
fcmur/slaturc X 100 

Tibial per cent of stature = Length 
tibn/staturc X 100 

II Estimation of Length of Normal 
Femur and Tibia at Completed Growth 


length or LEGS 

A Estimation of Expected Fin \l Stature 
from the sex, present age, and height, the 
individual is placed m his or her percentile 
position in the Percentile Chart (Fi^ 257) 
if the skeletal maturation age is more than 
six months advanced or retarded the age 
charted should be the bone maturation age By 
following up the chart between the parallel 
percentile curves the expected final dature of 
that individual is obtained 

B Estimation op Normal Ifmobal and 
Tibial Percfntaces or Adult Stvture To 
the present percentages of the normal femur 
and tibia to stature as calculated above m 

I, E, are added the amounts either positive or 
negative as given in the ad/otning subtable 
accordwig Vo the s«x otid the toiittvcd 
This will give the estimated adult percentages 
of these bones to final stature 

C Calculation of Expected Final 
length of Norsial Femur vno Ticu This 
js calculated from the data obtained above m 

II, A and B, as follows 

Final length normal femur s= Expected final 
stature X adult femoral per cent of stature 

Final length normal tibia = Expected final 
stature X adult tibial per cent of stature 

III Expected Crewth from Normal 
Femur and Tibia 

Expected growth of normal femur = Ex 
peeled final length of femur — present length 
of femur 

E’qiected growth of normal tibia = hx 
pected final length of femur — present length 
of tibia 

IV Expected Growth from Individual 
Epiphyses of Normal Femur and Tibia 

Growth from distal femur = Expected 
femoral growth X ?0 per cent 

Growth from proximal tibia = Expected 
tibial growth X 55 per cent 

Growth from distal tibia = Expected 
tibial growth X 45 per cent 

Dclertntnalion oj Expected Groj.lh oj 
Abnormal Femur and Tibia 

This method will give only the expected 
(•rowth of the normal femur and tibia This 
information will aid m determining the growth 
of the shorter leg if m each ca,e a careful 
study IS made of the mechanism of production 
of the inequality as it relates to the growth of 
the individual epiphyses of the involved limb 
There arc three such mechanisms A brief 
discussion of the most common example of 
each follows 
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Fic 257 I’prcentile charts drawn by Doctor Gill from tables for percentile distribution 
of stature gnen by White House Conference on Growth and De\elopment. Sublables in 
lower light corners of charts gne additions to percentage of femur and tibia to stature 
at various ages necessary to determine final percentages of these bones to adult stature 
These subtables are constructed from a compilation of the work of D3\enport, Schwerz, 
Meredith, and Boynton {Left) Percentile diart for males {Rig/il) Percentile chart for 
females (Courtesy, Dr Gerald Gil) and LeRoy C. Abbott ) 
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1 Disturbances Confined to Specific 
Epiphyseal Plates This mechanism most 
commonly follows trauma which has caused 
premature closure of a specific epiphysis As 
the other epiphyses of that limb usuall3 grow 
at the normal rate the loss of growth is that 
amount which would have been contributed by 
the center damaged For this reason, the cal 
eolations may be made entirely on the basis 
of the expected growth of the normal leg 

2 Disturbances Affecting Rate of 
Growth of All Epiphyses of Limb [This 
applies to the shortening of an extremity due 
to anterior poliomyelitis — Ed ] This mecha 
nism most commonly follows poliomyelitis but 
may be caused by any long standing disabling 
condition of the extremity In this group the 
epphiseal phtes are intact but graving at a 
decreased rate as compared with the normal 
side In these cases great difficulty is often 
encountered in assessing the comparative rates 
of growth of the normal and abnormal limbs 

In some instances this information may be 
obtained by placing a small vitallium marker 
in the shaft of the femur and tibia of the 
normal and the short leg We have devised a 
simple method by which these may be intro 
(luced subcutaneously under local anesthesia 
7 elcroentgenograms are taken immediately 
after their implantation and then at six month 
intervals In this manner we can measure the 
growth from each epiphysis of both legs and 
can determine the comparative rales of growth 
I rom this information the growth of the 
shorter leg can be calculated quite accurately 

Of course some children are seen so near 
the end of the growth period that no time is 
allowed for such studies In these instances 


epiph>seal arre«t may be «afely performed on 
the basis of the normal rale of growth Eqiiali 
zation Will then result only to the extent to 
which the corresponding epiphyses of the “hort 
leg grow 

Fortunately, in manv of the«e patients 'een 
at the age of 11 or 12 in whom the mecha 
nism has been acting since earl> childhood c r 
infancy only from two to three me) es of 
shortening is present Simple analysis of tl e 
difference in the length of the bones whci 
compared with the probable growth since the 
onset of the disease as may be determined b\ 
calculating backward with our method w 11 
show that the actual growth rale of the al 
normal leg is so close to that of the norn al 
leg about 8S per cent that for all pract cal 
purposes the expected groivth ma) be calcu 
Iate4 on the basis of the growth of the normal 
leg 

3 Mechanical Loss m Length (may be 
associated with mechanisms 1 and 2) In the 
third group are placed those cases m which all 
or the greater part of the inequality is due to 
a mechanical cause such as loss of substance 
overriding dislocation or angulation If studj 
shows that the loss m length has been purely 
mechanical then the rate of growth of the 
epiphyses is normal and the epiphyseal arrest 
may be earned out on the basis of the normal 
rate of growth In many cases there is also a 
loss of growth due to one of the foregoing 
mechanisms In such cases the rate of growth 
may be determined as above and epiphyseal 
arrest performed on the basis of this rale 

The following example will serve to clarify 
the various steps m predicting the growth of 
the normal femur and tibia 


Given a girl, age 9 years (I, A) Height =r 53 inches {I, C) 

Bone maturation age 10 years (I B) 

I ength of femur = 14 8 inches Length of tibia =12 5 inches (I D) 

Femonl per cent of stature = — ^ = 28 per cent Tibial per cent of stature = 

12 5 X 100 . 

= 23 5 per cent (I, E) 

The expected total stature = 64 inches (II, A) 

Femoral per cent of adult stature = 28 + 0 S = 28 5 per cent 7 ,,, jjv 
Tibnl per cent of adult stature = 23 5 + ( — * 0) — ^ per cenlj ' 

Final length femur = 28 5 per cent X 64 = 18 2 inches) /jj qv 
F inal length tibia = 22 5 per cent X 6^ = 1** ^ inch« ) 

Expected growth femur = 18 2 — 14 8 = 34 inches) 

Expected growth tibia = 14 4 — 12 5 = 1 9 inches J 
Growth distal femur = 3 4 X 70 per cent = 24 inches | 

Growth proximal tibia = I 9 X 5a per cent = 1 05 inchesr (1\ ) 

Grow th distal tibia = 1 9 X 45 per cent = 085 inches J 
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Let us suppose that ju«t before the age of 
oghl >cars this chihl had suffered an injoi> 
which Ind cau«ed premature closure of the 
distal cpiph\sis of one femur resulting in a 
shortening of one inch W ilh no ttealmenl the 
final shortening of the femur will be 1 2 4 

inches or 3 4 inches immednle fusion of the 
distal femoral epiphjsis will present an in 
crease in inequalits but Icaic the one inch 
discrcpancj lo gam complete equalilj the 
upper tibial epiph>«is could be blocked at this 
time The stature would then be 64 minus 3 4, 
or 60 6 inches at full grow th 
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Pic 2SS Hollow *(|U3rc morticing 
chisel and plunger u«cd to destrov epi 
ph> cal plate devised b) White (Cour 
tes> J Warren While) 

\gain let tis suppo c that this child ha«l 
poliom>elilis in infanc} vrhich has resulted in 
23^ inches shortening of one leg The short 
femur is 13 ^ inches long or one mch short 
The short tibia is J 1 inches long or IJ^ inches 
short Teleroentgenographic studies with mark 
ers for a period of sia months have <honn that 
the epiphyses of the short femur were growing 
at W per cent oT the rate ol the normal lemur 
and the epiphj<ies of the short tibia were grow 
ing at SO per cent of the rate of the normal 
tibia Prom this we calculate that the short 
femur will grow 3 4 X 90 per cent or 3 I 
inches to a final length of 16 9 inches The 
short tibia will grow 1 9 X SO ptf «nl or 
1 5 inches to a fiml length of 12 5 inches The 
present di'crepanc) of 2 a inches will increase 
to t final discrepancy of 3 2 inches As the 
normal femur will grow 2 4 inches from the 
distal epiphysis and the normal tibia mil grow 
OS inch from the distal epiphjsis immedole 
fusion of these epiphyses will result in equality 
of length at full growth 

It is abo possible to perform epiphyseal 
arrest so that the knees will be of equal be ght 


Tor instance, the present length of the normal 
tibn IS now equal to the final eapecied length 
of the short tibia therefore fusion of the upper 
and lower tibial cpiphj<es will place the knees 
at the same height 1 qualization can then be 
game<l L> arrest of the distal epiphj’sis of the 
normal femur at a later date when the length 
of the normal femur approaches the final ex 
peeled length of 1 6 9 inches of Uie short femur 
Phis Is determined as follows The normal 
femur is alrcidj 14 8 inches and «houId grow 
only 2 1 inches to attain i length of 169 
inches Of the 3 4 inches of expected growth 
of the norma! femur, 30 per cent or one inch is 
contributed by the upper femoral epiphysu 
which cannot be fuse 1 Thcrefrrp the growth 
illowed from the distal femur will lie i 1 
inches During this growth the whole femur 
will grow JOO/70 X It cr 1 6 inches there- 
fore the distal epiphy is of the femur should 
be fu«ed when the normal femur has gro'rn 
1 6 inches lo a length of 16 4 inches 

Epiphyseo diaphyseal Fusion (White) 
tmlera tourniquet the cpiphyccal plate at 
the lower end of the femur is expo«e<! by 
medial and lateral longitudinal masions \n 
adequate subperiosteal dis^tion is made of 
the anas \ hollow «qinre mortising chisel 
(1 ig 258) IS iwed m the following manner 
It IS placed diagonally acro«s the epiphyseal 
line so that two of the points arc forced into 
the cpiphy«cal cartilage nnd one into the 
lione above and one into the bone below 
The chisel is then driven to a depth of 
of an indi or more, directing it slightly 
distally in order to follow the more super 
ficial portions of the metaphysis as it curves 
downward This direction is determined by 
an exploring skin needle The square plug of 
bone and cartilage is then loosenerl and the 
morti mg diicel is rotated 90"^ «o that the 
cartilaginous epiphyseal plate now lies in 
the long axis of the femur and solid bone 
on either side of it bridges across its former 
site "Hie plugs are tapped into place by the 
plunger inserted into the chi<el as the latter 
IS withdrawn Tlie wound is then sutured 
and a similar procedure carried out on the 
remaining half of the cpiphy«eal plate 
through the other inasion and this wound 
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IS in turn closed \ circular piaster of pans 
bandage is applied for h\o weeks and 
weight bearing without support isalloaaedin 
four weeks A similar procedure max be 
applied to the upper or lower tibial and 
fibular eptphj-eal plates if growth arrest 
IS desired here In case the upper iibular 
epiphyseal plate is exposed care must be 
exercised to protect the peroneal nerve as it 
pas'ies around the neck 
Shortening of Lower Extremity by Re 
section of Bone Shortening of the lower 
extremity by resection of bone has been 
done for many jears The shortening of the 
tvb\a and fibula and the femur have all been 
done but b> common consent the femur 
IS usuallj cho«en Campbell has described 
an ingenious operative procedure for short 
emng both the tibia and fibula and the 
femur I am more familiar with Whites 
procedure and therefore, will present it 
White states that the minimum discrepancy 
that he considers necessary for a shortening 
operation is two inches 
Femoral Shortening (White) (Fig 
259) A simple oblique angle osteotomy of 
the femur is done at the middle of the shaft 
The periosteum is meticulously separated 
for a distance of one inch beyond the dc 
sired amount of shortening of each frag 
ment The bone ends are allowed to override 
to the desired shortening A Low man clamp 
IS then applied to the overlapping bone end» 
and the«c are fixed by vitallium screws 
placed one inch apart After suture of the 
wound a plaster of pans «pica is applied 
from the toes to the costal border At the 
end of eight weeks the cast is removed, 
and weight bearing is allowed when union, 
checked by roentgenogram is reasonably 
certain A nnglock brace is u«cd only if 
union IS delayed White slates that the 
quatlnceps femons relatneh lengthened, 
regains sufiicicnt tone to permit its holding 
the lov\ or le„ extended at the knee against 
gravity bv the time the plaster 'pica is 
removed The knee joint may be relaxed 
but no permanent di«abihty and no impair 


ment in strength or usefulness of the leg 
have been noted 

LESIONS 01 WTFRIOR 1 01 10 
“MYELITIS AFFECTING ABDOMIN \I 
MUSCLES TRUNK “MUSCLCh 
AND SHOULDER GIRDLE 
Paralysis of the abdominal and Sfiial 
muscles produces serious disabihtv 1 ut 
treatment has been limited until relatively 



Fic 259 Roentgenogram of shorten 
ing of femur after operation (Courtesy 
J Warren White) 


recently to various types of support except 
for the correction of spinal curvature by the 
wedging jacket and operathe fusion of the 
involved spine 

Scoliosis or lateral curvature is a deform 
ity of the «;pine which is not infrequently 
due to anterior poliomyelitis It occurs with 
other reco,,ni 2 able le«ions which come as the 
iftermath of this disease and there are 
many who feel that «o-caIleif idiopathic 
scoliosis IS due (0 otherwise unrecognized 
anterior poliomyelitLs There are, of course 
other causes of lateral curvature of the 
spine such as congenital anomalies cnipy 
ema, or paralv^is of the paravertebral mus- 
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des following thoracoplasty In those cases 
due to anterior poliomyelitis the curve is 
convex on the weak or paralyzed side and 
concave on the unimpaired or less impaired 
side There are, of course, compensatory 
curves above or belou the primarj curve 
Lateral curvature due to known anterior 
poliomyelitis is usually noted nithin a year 
of onset of the disease It progresses most 
rapidly during the years of rapid growth— 
12 to 14 years for girls and 13 to 16 years 
for boys 

Correction of these curvatures due to 
anterior poliomvelitis which progress is im 
perative to prevent a markedly disfiguring 
deformity of the spine thorax and at times 
the pelvis The correction by wedging jacket 
is effective though arduous, and (he main 
lenance of the correction is assured by a 
solid surgical fusion of the corrected area 
of the spine This subject of the treatment of 
scoliosis or lateral curvature is discussed 
elsewhere in this volume so I omit technical 
details [For details of treatment of para 
lytic scoliosis, see Chapter 6 —Ed ] 

Paralysis of Abdominal Muscles At* 
tempts to correct or remedy paralysis of the 
abdominal muscleswith resulting pelvic lilts 
by surgical means have been reported by 
Lovvman F Dickson and Mayer Onediffi 
cultv encountered seems to be an inability 
to be quite certain which muscles are at 
fault in spite of rather elaborate tests of 
muscle function Lowman has devised a 
fascial transplant operation for paralysis of 
the lower recti and obliquus abdominis 
muscle which consists in substituting a strip 
of fascia for the paralyzed rectus and a 
second strip of fascia extending from the 
upper rectus muscle obliquely downward to 
the opposite iliac crest where it is anchored 
to the ilium Mayer has used a modification 
of this procedure in anchoring the fasaal 
strip to the ninth rib of the same or opposite 
side above and to the iliac crest below 
Dickson has used a fascial strip andiored 
above to the sacrospinalis muscle at the 
level of the twelfth thoracic vertebra and 


below to a tunnel m the iliac crest as far 
forward as possible to substitute for the par- 
alyzed quadratus lumborum muscle These 
abdominal fascial substitution operations 
are useful in helping to stabilize tripod 
walkers 

Other fascia anchoring operations have 
been devised to stabilize the scapula to the 
side of the thorax when, owing to paraly'sis 
of Its various muscular attachments, it 
moves backward or forward 
The opportunity and indications for those 
various fascial stabilizing operations on the 
trunk will not be frequent for most surgeons 
and the end results of those done will have 
to be arefully and extensively analyzed 
before these procedures may be unqualifiedly 
recommended for general u«e 
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Treatment of Paralytic Disorders 
Exclusive of Poliomyelitis 

WiNTiiROP Morgan Phelps M D 


INTRODUCTION 

The treatment of the paralytic disorders, 
exclusive of poliomyelitis is by combma 
tions of medical, re educational, and surgical 
methods In some instances medical treat 
ment alone is satisfactory and in others 
surgical and re educational measures are 
combined A discussion of medical treatment 
IS not considered here, but surgical and re 
educational methods are so closely allied 
that they cannot be separated These dis 
orders result from (1) Congenital anomaly 
(2) trauma at birth, (3) trauma following 
birth, or during later life , (4) disease of the 
central nervous system or muscles (5) toxic 
agents, (6) deficiency states, and (7) neo 
plasms 

The«e conditions ma> arise m the brain, 
<pinal cord, peripheral nerves, or m the 
muscles themselves It is obvious, therefore 
that there may be a general classification in 
terms of the ncurogetuc and viyogentc type 

Among the neurogenic types there are 
motor disturbances arising from damage to 
the brain and damage to the spinal cord as 
veil as the peripheral nerves In the brain 
the damage may be of the nature of con 
genital anomaly , trauma at the time of birth 
or postnatal trauma toxic conditions result 
tng from prenatal toxemia disease such as 
encephalitis or degenerative disease, tumors, 
and possibly dcficiencv states In the spinal 


cord of course all these conditions may bt 
duplicated but the results as regards a 
paralytic disorder may be different Tlie 
same also may be true of the peripheral 
nerves 

In the myogenic type, congenital dis 
orders of the muscles such as myotonia 
congenita and acquired conditions such as 
myasthenia and dystonia produce definite 
paralytic disorders There are in addition 
also the degenerative conditions such as 
myasthenia gravis the dystrophies and pro 
gressive muscular atrophy 

A complete classification of the entire 
field is unnecessary here since treatment 
consists of the correction or amelioration, if 
possible, of the resultant joint and mu«;cle 
difficulty It is of great importance to ehmi 
nate the possibility of the progressne nature 
of the disease in which a downhill course 
ts to be expected and thus eliminate from 
treatment conditions resulting from malig 
mnt tumors, degenerative diseases, and so 
forth It is likewise important to determine 
the presence of toxic states and defiaency 
slates before attempting any corrective pro- 
cedures , , 

The treatment of these disorders is modi 
fied by a number of factors The age of 
onset-whether at birth during childhoojl, 
during adult life, or during old age-would 
bnng about a definite modification of the 
Ijpe of treatment to be used Those cases m 
253 
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which the condition has persisted since birth 
do not have any previousli learned volun 
tary motor associated patterns, and these 
patterns must be de\ eloped if \oluntary use 
of the extremities is to be attained By con 
trast, conditions arising during childhood or 
adult life represent disturbances of previ 
ously learned motor patterns and obviously 
the treatment would be greatly modified by 
this previous abilitj If the condition is 
acquired m old age such as a hemiplegia 
from cerebral accident the expectancy of 
life following the condition should be taken 
into consideration 

A second factor of importance in treat 
ment is the age of the patient when first 
seen Obviously surgical or corrective meas 
ures which would apply to adults could not 
be utilized m the infant and it would he 
important to determine how much change 
growth and physical development would 
produce A third factor would be the length 
of time which has elapsed since onset of the 
condition when the patient is seen If the 
time has been long during which the patient 
has been untreated there would be problems 
of muscle atrophy from disuse by'pertrophv 
from overuse of other muscles muscle im 
balance, and also contractures from use in a 
wrong position to be dealt with 

A further factor of importance would be 
the degree of involvement This would cover 
the question of whether only one extremity 
ac the entire body was involved and whether 
there was any hope of restoration to use 
fulness For example if the trunk and legs 
were so involved as to make the upright 
position impossible correction of the dc 
formities of the feet would naturally be 
inadvisable and useless The mental status 
also must be considered under the heading 
of degree of involvement Finally the type 
and nature of the involvement is of great 
importance The central types of motor dis 
turbance seen m this type of disorder can 
be classified under the following headings 
Flaccidity of muscles weakness of mus 
cles , hypertrophy with or without increased 


muscle strength, involuntary motion, spas- 
ticity, rigidity, tremors, and balance dis 
turbances 

These types of muscle disorder cover 
practically the entire field of disturbance 
and it IS extremely important to determine 
which type of disturbance is present They 
may, of course occur m combinations as 
w ell as individually True flacciditv , uncom 
plicated with other types of muscle dis 
turbance, would be treated in the same vvay 
that the surgical treatment of poliomvelitis 
IS carried out but flaccidity is frequently 
found in combination with spasticity in 
other muscles, as well as m combination 
with other disturbances which would modify 
and complicate the treatment to a consider 
able degree 

It must also be borne m mind that there 
are frequently sensory changes complicating 
the motor di«tutbanccs m many of these 
conditions Thu«, marked loss of sensation 
might render an arm relatively useless even 
in the presence of minor degrees of motor 
disturbance 

Lo s of kinesthetic sense also is of great 
significance in the ability to use an extrem 
ity m a normal way 

The treatment of the paralytic disorders 
therefore, will be considered under the spe 
aal headings of the types of motor dis 
turbance rather than under the heading of 
disease or conditions since there is great 
duplication in many of the underlying 
causes 

For example a birth injury which dam 
ages a certain part of the brain can give 
exactly the same motor picture as an en 
cephalitis localized in the same area The 
treatment of the two would probably be 
very much the same and a repetition of 
treatment for one of these conditions when 
applied to the other would not be necessary 
The treatment will therefore be considered 
under three chief groupings 

1 Spastic disorders 

2 Disorders of involuntary motion 

3 Disorders of balance 
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THE SPASTIC DISORDERS 
Etioloc\ and Pathology 

Spnstic disorders result from damage to 
the pjnmidal tract in the bram or spinal 
cord The pyramidal system may show con 
genital anomalies associated with micro 
cephaly and other stigmata There may be 
\arious types of damage to the pyramidal 
system at or around the time of birth Cere 
hral anoxia, actual damage to the cortex by 
instruments and rupture of the cerebral 
vessels in prematures are the chief factors 
Severe paroxysms of coughing in early per 
tussis or rupture of vessels during a con 
vulsive seirure represent two causes during 
infancy In childhood trauma, is the greatest 
factor Automobile accidents falls, and other 
types of injuries occasiomHy produce spas 
lie states The same is true of adults, and 
head injuries of all types are becoming more 
and more frequent with the use of auto 
mobiles and airplanes War injuries can be 
responsible for spastic states when the cortex 
IS injured Beyond middle life and old age, 
arteriosclerosis and hypertension produce 
definite spisticuy with considerable fre 
quency In the spinal cord fractured spines, 
cord injuries, and wounds may result m 
spistic states 

The cortex however, represents i rather 
Widespread area including many different! 
ated functions within the pyramidal system 
Itself Thus, certain parts of the cortex when 
injured produce fiaccidity of muscles while 
others produce definite spasticity m the 
sense that the muscles show a hyperactive 
response to any stimulus The motor picture 
in the extremity involved therefore more 
frequently represents a combination of «;pas 
lie and flaccid muscles with normal muscles 
intermingled than a picture of epastialy 
alone 

The fundamental principles of treatment 
depend very definitely on a careful evalu 
alion of the mu«cular involvement and the 
relationship of spastic to flaccid muscles m 
the extremity u«elf 


The Spastic Foot 

The foot can show almost anv tvpe of 
deformity Resulting chiefly from ■’stu 
of the muscles of the calf the diforniiv 
may be influenced by iiHohement of h 
of the thigh and pclvi® The chief deu r 
in the foot are equinus position c i n 
position and marked varus or vai rr 
combination of these The assumpd n 
these positions by the patient howcvei I 
not always represent the same (> pe f n i 
cle involvement Thus the equmus j nsiii i 
may be the result of a highly spastic htef 
cord group or may be equally marke i 1 1 
cause of a flaccidity of the dorsiilev rs f 
the foot It ts obvious that the treatm ni 
would be modified by this difference in nu 
cle involvement In occasional instances iK i 
a marked equinus may result from a verv 
low degree of spasticity in a leg which has 
not grown normally and is shorter than the 
other 

If the spasticity is due to a highly spastic 
heel cord then a careful determination of 
the power in the dorsiflexors must be made 
m order to determine the result which will 
be obtained If the dorsiflexori appear to 
have normal power but are blocked in their 
action by the spasticity of the heel cord, 
there are a number of procedures which may 
be carried out on the foot The question as 
to whether clonus is present or absent m the 
fool also modifies the treatment If no clonus 
IS present a simple heel cord lengthening 
may be considered provided there is not 
spasticity present in the dorsiflexors If 
spasticity IS pre^>enl in the dorsiflexors, 
however, the foot will he immediately con 
verted into a calcaneus position due to 
iJie free action of those muscles This is a 
disastrous result 

If cionvs IS present, a neurectomy of a 
partial nature on the branches of the popli 
teal nerve to the gastrocnemius or soleus 
would result m its elimination It must be 
borne in mind that to some extent this 
weakens the power m the heel cord and 
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therefore some branches must be left to 
caiTV out the activitj of plantar flexion 
which IS so important to proper standing 
balance and walking 

Occasionally an equmus position is seen 
in which the spasticit> is in the flexors of 
the toes and not in the gastrocnemius soleus 
In this case, of course a lengthening of the 
heel cord would not produce the desired 
results In other instances it is found that 
the tightness in the heel cord ts due not to 
spasticitj but to flacadity uf the dorst 
flexors With a contracture of the sheath of 
the gastrocnemius rather than the muscle 
Itself 

The procedures therefore which can be 
used in a spastic foot with regard to ner\c 
muscle relationship are partial neurectom), 
tendon lengthening tendon sheath lengthen 
mg and combinations of ihe«e 

In children it is well to bear m mind that 
frequent!) there is a great tendency for 
shortening of the heel cord if there is any 
spasticity present because of the j^rowth in 
the length of the tibia and the position of the 
child during sleep The foot is almost mvari 
ably held in extreme plantar flexion during 
sleep and it is during this time that a great 
deal of the shortening occurs It is more 
important to use a night brace or 'splmt to 
hold the foot in as good a position as pos 
sible during sleep than to apply a brace 
during the daytime In many instances a 
beginning equmus position may be mercome 
simply by the use of a night splint or brace 
where the use of the brace during the day 
time has not held the condition in check 
A simple posterior plaster molded splint 
adequately padded and holding the foot in 
proper position will usually meet the re 
quiiements 

Except m cases of marked contracture in 
growing children it is better to use conser 
vative measures as long as possible before 
resorting to operation so that the maximal 
growth m a limb may be reached before the 
surgical correction is made It maybestated 
therefore that in equmus deformities of 


the foot, conser\ati\e measures with night 
splinting are to be recommended in growing 
diildren before resorting to any surgical 
procedure The handling of equmus de 
formitj by surgical methods ts dependent 
entirely on the relationship between the 
power (which may be masked) in the dor«i 
flexors and the degree of spasticity m the 
heel cord 

Bony operations are frequently necessary 
either by themselves or in connection with 
the muscle nerv e procedure These opera 
tions represent a fixation of the tarsus bv 
any of the better known methods which are 
described elsewhere in relation to polio 
myelitis [See Chapter 7 — Ld 1 If the spas 
Ijcily involves the flexors of the toes a 
great deal can be accomplished by fixation 
of the nndtarsus in order to bring about a 
more direct action of the muscles on the 
foot as a unit Of course these operations 
are of s’lll greater importance where the 
equmus position is complicated by varus or 
valgus deformiiv 

Calcaneus deformity m the foot of the 
spastic tyT>e is ^e^y difficult to ccafrol 
It Is frequently seen as the result of ill 
advised heel cord lengthening but occasion 
ally (HXurs as a primary condition m marked 
spasticity of the rlorsiflexors of the foot and 
a corre ponding flaccidity of the gastroc 
nemius and soleus Calcaneus position sel 
dom occurs in the spastic foot without a 
flaccidity of the heel-cord muscles The pull 
of gravity reinforced bv a normal or even 
moderately flacad heel cord does not usu 
ally allow the position to develop even in 
the presence of spastic dorsiflexors Cal 
caneus is however, almost a universal result 
of heel cord lengthening in the presence of 
spastic dorsiflexors It is practically impos- 
sible to correct the deformity by means of 
conservative methods The operative cor 
rection embraces a group of various pro- 
cedures 

In the first place it is well to partialK 
neurectomize the muscles of the dorsiflexor 
group The heel cord should then be 
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shortened by my of the accepted meth 
ods (For technics of tendon shortening see 
Chapter 42 — Fd ] It is frequently of {jreat 
assistance to suture the tendon of the flexor 
hallucis longus or the flexor digitorum 
longiis or both, to the shortened heel cord 
in order strongly to increase the flexor 
power in these groups A bony conecUon of 
the foot may be necessary by a wedge 
osteotomy through the astragalus or the use 
of other bony operations of accepted types 
(See bone operations for pes calcaneus 
Chapters 3 and 7 —Ed ] 

Varus and Valgus Deformities 
These deformities may be due either to a 
Apistic flaccid imbahnce between the pero 
neals and the tibnis or to an imbalance 
In the muscles of the hips resulting in a 
gait of either extreme interna! or external 
rotation of the leg If the condition is due 
to muscle imbilance between the peroneals 
and tibials carefully selective neurectomy 
of the ner\es to the spastic muscles with 
lengthening of the muscles themselves if 
contractures are present may obviously be 
of benefit But stabilization of the foot is 
necessary in most cases \\ hen the condition 
IS due to imbalance in the hip rotators the 
treatment should be directed to the hips as 
will be described later, rather than to the 
muscles of the foot although a stabilization 
mav be neceiisacv if li^fncauty of the taxsal 
bones has resulted from long continued use 
m the abnormal po«ition 
The surgical procedure for neurectomies 
cm be desenbed as follows The trunk ncr\e 
from which the branch to the muscle under 
consideration ari'^es should be exposed at or 
about the point where the branches are 
given off Tests are then made of the 
branches either bj means of the electric 
current, or b> gentle pressure on the various 
branches b> smooth forceps It has been 
^ound that gentle squeezing of the nerve 
produces no harm in regard to future func 
lion, if done with care 
Observations of the muscles under con 


sideration by the surgeon are then made 
and the response to each of the nerve 
branches is determined In this vay the 
branch which is especially responsible for 
clonus or high degree of spasticity can 
be easily identified The branch may then 
be cut off at Us origin from the truni 
nerve and avulscd from the muscle bv win i 
mg It around a clamp This has prove! t 
be the best procedure since either to stmpi\ 
cut the nerve or to take a section out of ji 
has been known to allow of regeneration 
Actual avulsion of the nerve from the mus 
cle does not allow of anv regeneration so 
far is has been observed If there is doubt 
at operation as to theeflicacy of neurectomv 
of a particular branch alcohol injection wnli 
produce the effect for i period of sevenl 
months but power will eventually return 
Alcohol injections are sometimes used in 
stead of neurectomies where there is an 
intention to develop power m antigonislv 
while the involved muscle js temporarily 
thrown out of function This is ba'cd on 
the idea that by the time the power returns 
to the treated muscle sufficient strength will 
have been developed in the antagonist to 
produce better balance But alcoholization 
of the nerve is much more valuable as a 
therapeutic indication for eventual ncurcc 
tomy m cases of doubt 
It IS seldom wi'e to carry out a complete 
neurectomy of all of the nerve power to a 
given musdewilhout very careful considera 
tion as regards the result This is especially 
true in the gastrocnemius soleus combina 
tion The chief indication for neurectomy is 
the presence of clonus in this muscle and 
It must be determined before neurectomy 
whether the clonus arises from the gastroc 
nemius or from the soleus This can be 
determined with 'lomc degree of accuracy bv 
observing the clonus with the knee m dif 
ferent positions The gastrocnemius heads 
arise from the femur above the knee and 
they arc definitely relaxed by flexing the 
knee In cases in which the clonus is in the 
gastrocnemius therefore, the clonus will be 
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found to disappear or be greatly diminished 
by flexing the knee However, in cases where 
the clonus arises from the soleus muscle the 
position of the knee has no effect whatever 
on the type or degree of clonus since the 
soleus arises below the knee joint The nerve 
to be avulsed therefore should be selected 
from nerves to the gastrocnemius or soleus 
depending upon the type of clonus in cases 
where this procedure is designed to elimi 
nate clonus alone 

In markedly clonic cases it is not advis 
able to carry out a heel cord lengthening at 
the time of neurectomy until the patient s 
gait has been obseried after the elimination 
of the clonus as the heel cord lengthening 
may definitely not be necessary and might 
bring about a great weakening of the mus 
cle and perhaps a calcaneus position 

Neurectomy for clonus is an especially 
valuable procedure in spasticity resulting 
from cerebral acadents from hypertension 
since the procedure itself is not severe, and 
the age of the patient, being usually ad 
vanced, would not warrant any extensive 
operative undertaking In many instances, 
the gait can be restored very greatly in 
older people by a simple neurectomy for 
clonus, since this is one of the factors that 
seriously interferes with these patients abil 
ity to walk 

The Spastic Knee 

In tbis jxmiX \\tat is a 
problem than in the foot, but the weight 
bearing function of the knee resulUng as 
It frequently does in flexion, and the tend 
ency to sit for long periods with the knees 
flexed, brings about a real problem with 
-egard to control of this very common de 
formity As is the case in all other silna 
tions, careful thought must be given to the 
relationship between the power present in 
the flexors and extensors The quadriceps 
may be spastic, flaccid, or normal, and the 
essential flexors the hamstrings, may also 
show any of these three types of power A 
flexion deformity may be due to weakness 


of the quadriceps in the presence of normal, 
spastic, or even flaccid hamstrings, if the 
patient is accustomed to long sitting If this 
is the case, he probably sleeps with the 
knee in flexion at night Attempted weight 
bearing under these circumstances will of 
course result in a tendency for a stretching 
of the tendon between the patella and the 
tibial tubercle In such cases it is possible 
to bring about a great deal of correction 
by transplantation of the tibial tubercle to 
a point lower m the front of the tibia 
fThis is a relatively simple procedure 
Through a longitudinal curved incision to 
one side of the tibial tubercle, the patellar 
tendon, the tibial tubercle, and the tibia 
below It arc exposed The patellar tendon is 
freed by direction of its medial and lateral 
margins, and the tubercle w ith the attached 
tendon is removed en bloc with a sharp thin 
osteotome At the desired distance below 
the normal attachment the periosteum oi 
the tibia is incised and reflected to each 
side to expose tibial surface A block of 
tibial cortex the sue of the tibial tubercle 
block is removed, and the tubercle block 
with Its attached tendon is countersunk 
into the opening, the reflected periosteum 
being sutured back over the area and to the 
patellar tendon The bone removed from 
the lower area is used to fill the defect 
created by the removal of the tubercle A 
plaster encasement in extension is worn 
•otiVA wAMjaa'i-fc ImsAwig ‘iW 

eight weeks —Ed ] 

However, unless the underlying cause of 
this difficulty IS removed, that is, the cause 
of the flexion, further stretching of the 
patellar tendon will take place and the 
leverage will again become bad 

A spastic quadriceps may bring about a 
stretching of the patellar tendon simply be 
cause of the frequency of the ‘spastic con 
traction in this muscle On the other hand, 
a weak quadriceps may allow of stretching 
of the patellar tendon jf there is spasticity 
in the knee flexors It can be seen that the 
treatment under the two conditions de- 
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scribed would be very different In the first 
case probably \ery little would be attained 
by patellar tendon advancement a* the ten 
don may again stretch postoperatively, un 
less, by appropriate measures, the muscle 
clonus or spasm could be diminished In the 
second place, transplantation of the tibial 
tubercle downward would result m further 
stretching of llie quadriceps unless the 
spasticity was reduced in the hamstrings 
This spasticity may be reduced either by 
lengUiening the hamstrings or by partial 
neurectomy of some of the nerve branches 
to the hamstrings to reduce their power 
This must of course be done selectively in 
order to bring about as balanced a pull of 
the hamstrings as possible 

In some instances the flexion deformity 
ts complicated by contracture of the po^ 
tenor knee jo nt capsule if it has existed 
for a long period of time In this ca«e a 
capsulophsty of some type must be done in 
order to allow full extension of the knee 

If these operations are performed during 
a rapid period of growth in a child there is 
a great deal more tendency for recurrence 
to lake place than if they are carried out 
during early adolescence If they do have to 
be done earlier it will be necessary to apply 
a caliper splint or other type of brace to 
be worn at night m order to prevent recur 
rence of the flexion deformity 

In some instances the flexion at the knee 
IS the result of adduction and internal rota 
lion deformity of the hip with a very strong 
pull by the tensor fascia femoris In other 
cases there is weakness of the abductors 
of the hip and the gluteus medius, so that 
the patient attains standing balance onl> 
by pressing the knees firml> together in 
some degree of flexion Ob\iousl> no opera 
ti%e procedure about the knee will correct a 
dexion deformity (hat is due to this hip 
condition 

In other instances there is a tendency to 
ward hjpercxtension of the knee, rather 
than flexion, in the spastic This b>pcr- 
extension is again the result of imbalance 


of the muscles and is frequentli due to a 
tight heel cord When the patient attempts 
to bring the foot to the floor thi knee is 
forced back into hj-perextcnsion Thi' of 
course could not happen m the prtaenLc of 
any very great degree of spasticity in iht 
hamstnngs since a stretch reflex would f»e 
brought about m the hamstrings resuitin., in 
a flexion of the knees even if the futient 
was able to stand onli on the toes But in 
cases where the hamstrings are rclatnelv 
normal or show some evidence of weal ness 
and also m cases where the quadriceps is 
highly spastic there is frequentlv this tend 
ency to hjperextension of the knee 

In cases of this sort first attention must 
be given to the nature of the foot difficultj 
Great care must be exercised m a deasion 
as to lengthening of the heel cord with the 
resultant instabihtj in the knee In some 
cases the quadriceps is not strong and even 
though hyperextension takes place from a 
tight heel cord the result of tenotomy would 
he a greater instabditj m sfandiog than 
was present before the heel cord had been 
lengthened 

Occasional cases are seen in which there 
IS such an imbalance m the spasticity of 
the hamstrings as to produce a severe varus 
or valgus deformity in the knee in attempts 
to stand A valgus deformity may also be 
produced by excessive tightness of the ten 
xor ia^ia femons, and in ihe«c cases the 
use of braces is almost es'^entnl after sur 
gical t^eralions to balance the knee in re 
gard to Its lateral stability However, once 
the tension has been released an exercise 
program might bring about a gradual tight 
emng of the lateral ligaments of the knee 
and a greater degree of stability, so that 
braces might m «;ome cases be eventually 
eliminated 

The Spastic Hip 

The hip region in the true spastic is rep- 
re<;ented by a wide degree of diversified 
deformities The most common one is 
Oenon and internal rotation This is very 
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fs lost and the patient cannot stand alone 
If the adductors are cut or neurectomized 
and there is no power m the abductors the 
patient naturally lo‘ies his lateral balance 
and cannot stand alone without falling to 
one or the other side It is therefore, im 
poctint to determine that there is good 
power m the abductors before considering 
any form of operation on the adductors 
Adductor tightness is frequently not spas 
ticily but simply contncture due to weak 
ness of the abductors 

If power has been shown to be present jn 
the abductors and a procedure is to be 
earned out on the ndductOTS then the 
tenotomy of either the pectineus and adduc 
lor longus or the adductor brevis and 
mignus IS better than a tenotomy of all the 
adductor muscles A differential test should 
be made to determine which of the muscles 
are the tightest and to cut these rather than 
to cut them all 

IVhen an obturator neurectomy is earned 
out It may be done either at the point of 
entrance into the muscle or higher above 
the pubic ramus 

Flexion deformitj m the hip has been 
described above as being associated with 
IT tcrnal rotation if the tensor fascia femoris 
is tight This flexion deformity may also 
be due to lightness of the sartorjus and 
rectus femoris as has been described In a 
few instances however it is due to tight 
ness or spasticity in the iliopsoas In cases 
of this sort It is well to see that there is 
power m the rcclus femoris and sartorius 
before ntlempting any operative procedure 
on the iliopsoas itself 

In some instances where the «pasticity 
ins been proved by testing to be in the 
iliopsoas muscle this can be released 
through an incision posteriorly m the glu 
teal fold with the leg rotated inward so as 
to throw the lesser trochanter back The 
incision IS made down to the Ies«cr tro 
chanter and the iliopsoas attachment may 
be pushed loose from this It docs not have 
to ije sutured m anv particular place but 


261 

Will reattach itself higher up and perform 
some function This can be done only in the 
present* of good power in the sartorius and 
rectus femoris It is possible to determine 
that spasticity is present m (he iliopsoas 
only by exclusion of the other hip flexors 
If the leg 15 pulled sharply down from the 
flexed position with the patient Jyin, 
supine and there is no stretch reflex ol 
served in the sartorius or rectus femorus 
which can be readily felt then it must be 
assumed that the stretch reflex obtaine 1 
arises from the iliopsoas ^^ery few ca es of 
spasticity of the iliopsoas have been ob 
served The spasticity is usually in the 
superficial flexors— the sartorius rectus 
femoris and tensor fascia femoris 
The other three essential deformities of 
the hip— extensor tightness abduction 
lightness and external rotator tighlne«s— 
are relatively rare However a number of 
cases of external rotator tightness or ^pas 
licity have been seen and these are best 
handled by a loosening of the attachment 
of the external rotators to the greater tro 
chanter posteriorly Here again it is neces 
sary to determine that there is internal rota 
(or |wwer in (he hip or stability will be *0 
lost that the patient v\ ill be unable to stand 
after the release of these muscles The same 
procedure can be applied to the top of the 
greater trochanter where there is spasticity 
of the abductors if power has been proved 
to be present in the adductors 
As can be seen from the abov e in c\ ery 
instance where an attempt is to be made to 
overcome spasticity or tightness the nature 
of the pow er in the antagonist to the muscles 
under consideration must be worked out 
first and this wdl determine (he (y-pe of 
operative procedure which is advisable 
In instances where the power is not satis 
factoniy determined, for example in a hip 
externally rotated m which there is not suf 
fiaent infernal rotator power it has 'ome 
times been advisable to carry out an oslc 
olomy of the femur below the attachment 
of the rotators and bring the thich and 
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frequentlj mistaken for an adduction de 
formity and must be carefully diRerentiatcd 
from It It has been thought in the past that 
adduction in the hip produced the scissors 
gait but It IS much more commonly pn>- 
duced by internal rotation and flexion This 
internal rotation vs most commonly the le 
suit of tightness of the tensor muscle of the 
fasaa lata This muscle rises from the 
region of the anterior superior «pine and 
passes diagonally backward pulling on the 
fascia lata and thus rotating the leg iQ\rard 
By nature of its origin from the front of 
the pelvis it is also a flexor and is the chief 
cause of the ECis*:Qrs gait by virtue of the 
fact that the flexion allows one leg to cross 
the other Straight adduction might bring 
the legs together hut unless the flexors were 
involved It could not of itself cross them 
The other internal rotators of the hip are 
the anterior half of the gluteus medius and 
the gluteus minimus The best method of 
attack on the internal rotation deformity is 
the release of the tensor fasaa femons 
muscle Releasing this muscle will bring 
about a great degree of return of power in 
the external rotators and does not produce 
a w eakening of the abductors or the anterior 
half of the gluteus medius \n alternative 
operation is to release the anterior half of 
the gluteus medius but this does bring 
about some weakening of the power of ab 
duction and hence occasional!} results m 
a positive Trendelenburg and a tendency to 
a swa>ing gait II 15 difficult to distinguish 
between spasticit> in the tensor fascia 
femons and the anterior half of the gluteus 
medius but m a large senes of cases it bas 
been found that sposticit} of the gluteus 
medius is relatively rare The best method 
of release of the tensor fa^aa femons is to 
detach it from its origin on the crest of the 
ilium and simplj allow it to slide down It 
may be sutured posterior to its original 
position if this seems desirable but in many 
instances the simple release without any 
further attachment will produce a verj 
satisfactory result There is in some cases 


a secondary tightness of the sartorius and 
rectus femons WTien the e muscles appear 
tight they of course may also be released 
from their origin and allowed to reattach 
farther down on the pelvis if flexion is a 
large element in the difficult) with the hips 
(For hip-flexion deformit) procedure'^ see 
Chapter 7 —Ed ] 

It might be said at this point that a 
neurectomy of the nerves leading to the 
tensor fascia mu&cle appears to be unsatis 
factor), as the muscle is frequently con 
fractured as well as spastic and would have 
to be loosened in some manner Once it has 
been loosened there 15 no particular point 
in the neurecfomj 

The true adduction of the hips is en 
tirel) a different problem Here a test must 
be made to see that when the legs are 
foTcefuU) pulled apart no tcndenc) to in 
ternal rotation takes place If they can be 
forced apart without internally rotating 
and the adductor tendons can be felt to 
stand out strong]), there is ever) reason to 
believe that the condition is chiefl> an ad 
duclor spasticit) or contracture This is 
os has been pointed out before less com 
mon than the internal rotation deformity 
Wlien the adductors arc tight the choice of 
procedures rs between n tenotomy and an 
obturator neurectom) It is «eldom neces 
sary to do both since tenotom) cuts out the 
muscle pull m any case and neurectomy 
then IS not necessary 

Before carrying out any procedures on 
the adductors however it is important to 
determine that there is sufficient abductor 
power to hold the legs apart when they 
have been pushed apart There are a num 
bet of patients who could previously walk 
by pressing the knees together reiving on 
the spastiaty in the quadriceps for support 
but who after adductor tenotomy, were no 
longer able to walk at all due to weaknes' 
of the gluteus medius or abductor muscles 
Power in the abductors or gluteus medius is 
essential to standing balance and when 
these are weak or paraly-zed lateral balance 
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IS lost and the patient cannot stand alone 
If the adductors are cut or neurectomizcd 
and there is no power m the abductors the 
patient naturally loses his lateral balance 
and cannot stand alone without falling to 
one or the other side It is, therefore im 
portant to determine that there is good 
power m the abductors before considering 
an\ form of operation on the adductors 
Adductor tightness is frequently not spas 
ticity but simply contracture due to weak 
ness of the abductors 

If power has been showm to be present in 
the abductors and a procedure is to be 
carried out on the adductors, then the 
tenotomy of either the pectineus and adduc 
tor longus or the adductor brevis and 
magnus is better than a tenotomy of all the 
adductor muscles A differential test should 
be made to determine which of the muscles 
arc the tightest and to cut these rather than 
to cut them all 

hen an obturator neurectomy is earned 
out It may be done either at the point of 
entrance into the muscle or higher, above 
the pubic ramus 

llexion deformity in the hip has been 
described above as being associated with 
if ternal rotation if the tensor fascia femoris 
IS tight This flexion deformity may also 
be due to tightness of the sartorius and 
rectus femoris as has been described In a 
few instances however, it is due to tight 
ness or spasticity in the iliopsoas In cases 
of this sort it is well to see that there is 
power in the Teclu^ femoris and sartorius 
before attempting an> operative procedure 
on the iliopsoas itself 

In some instances where the spasticity 
has been proved by testing to be in the 
iliopsoas muscle this can be released 
through an incision posteriorly m the glu 
teal fold, with the leg rotated inward so as 
to throw the lesser trochanter back The 
incision IS made down to the lesser tro> 
chanter and the ihopsoas attachment may 
be pushed loose from this It docs not have 
to be sutured m an\ particular place but 
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will reattach itself higher up and perform 
some function This can be done onij m (he 
presence of good power in the sartorius and 
rectus femoris It is possible to determine 
that spasticity is present m the ihop«oas 
only by exclusion of the other hip flexors 
If the leg IS pulled sharply down from the 
flexed position with the patient lying 
supine and there is no stretch reflex ob 
served in the sartorius or rectus femonis 
which can be reaclilv felt then it must be 
assumed that the stretch reflex obtained 
arises from the iliopsoas Verv few ca'^es of 
spasticity of the Iliopsoas have been ob 
served The spasticity is usually in the 
superficial flexors— the sartorius rectus 
femoris and tensor /a«cia femoris 
The other three essential deformities of 
the hip— extensor tightness abduction 
tightness and external rotator tightness— 
are relatively rare However a number of 
cases of external rotator tightness or epas 
ticity have been seen and these are best 
handled by a loosening of the attachment 
of the external rotators to the greater tro 
chanter posteriorly Here again it is neces 
sary to determine that there is internal rota 
tor power m the hip or stability will be so 
lost that the patient will be unable to stand 
after the release of the«e muscles The same 
procedure can be applied to the top of the 
greater trochanter where there is spasticity 
of the abductors if power has been proved 
to be present in the adductors 
As can be seen from the above in every 
instance where an attempt is to be made to 
overcome spasticity or tightness the nature 
of the pow er m the antagonist to the muscles 
under consideration must be worked out 
first am! this will determine the tv^pe of 
operative procedure which is advisable 
In instances where the power is not satis 
factorily determined for example in a hip 
externally rotated m which there is not suf 
fiaent internal rotator power it has some 
times been advi able to carry out an oste 
otomv of the femur lielow the attachment 
of the rotators and bring the thigh and 
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leg into belter alignment so as to utilize 
these muscles in their shortened positions 
This IS done only in ca'ies where there is 
more power \i\ the opposite or antagonistic 
muscles and where correction bj muscle 
loo«ening or neurectomy cannot be utilized 
In the leg as a whole osteotom> of the 
tibia IS occasionally necessary to correct a 
rotation which has occurred from an ab 
normal «paslic pull either in the peroneals 
or tibial« The osteotomy is best done in the 
upper third of the tibia since union is mere 
likely to take place quickly here than in 
the middle or lower third This osteotomy 
may be performed in a number of ways but 
the use of a Gigli saw is very satisfactory 
This should be used subpericsieally incofar 
as possible In the femur the osteotomy 
should be done about an inch below the 
lesser trochanter and certainly below the at 
tachment of the rotary muscles of the hip 
In some coses of spasticity a dislocated 
hip may be encountered \ ray s mil deter 
mine whether there is sufficient acetabulum 
present to warrant an attempted reduction 
Before reduction is attempted however a 
careful mu«cle study must be made to de 
termine the cause of the di location The 
dislocation usually occurs during infancy 
or early childhood but is not the typical 
congenital d ^location of the hip It occurs 
when the «ipastiat) becomes sufficiently 
strong to pull the bead of the femur out 
of the socket by fleMon internal rotation 
and adduction The dislocation is usually a 
posterior one and reduction will not be 
maintained unless the deforming forces 
have been corrected previously That is the 
tensor fascia femoris must be loosened or 
some of the adductors must be tenotomized 
and attention must be given to the degree of 
flexion which is present in the flexore If 
these conditions can be corrected then a re 
duction can be attempted by either the 
closed or open method as desired [See 
Chapters 4 and 35 for technic —Ed ] 

The commonest deformity of the 1^ in 
the spastic is internal rotation slight ad 


duction slight knee flexion cquinus of the 
feet and some supination This is the char 
actenstic position in about 40 per cent of 
spastics in which both legs are involved 
In about 30 per cent the opposite picture is 
found in other words abduction of the 
hips external rotation hy perexten-sion of 
the knees and calcaneus and valgus post 
tions of the feet The other 30 per cent of 
spastics with both legs involved represent 
a combination of these two with the in 
temal rotator flexion condition in one leg 
and external rotator extensor position m 
the other This latter group is the most 
dinicuit to handle since any correction used 
in one leg tends to twist the patient and 
the result is a loss of control of the body as 
a whole The only way in which to carry 
out procedures in these ca«es u to correct 
one leg at a time since otherwise no amount 
of plaster spies wiU hold the correction 

This group frequently represents the type 
of spastic with trunk involvement of the 
scoliotic type There is rotation of the spine 
and frequentl) a marked lateral curvature 
of the C or S type This tvpe of «colio«is 
IS very difficult to handle since the «pastic 
pulls in the legs are constantly tending to 
increase the degree of rotation of the spine 
It Is probable that no amount of fixation 
of the spine either bony or by appliances 
will hold until such time as the I^^g pulls 
ar“ corrected Frequently then nothing is 
necessary since the spine will tend to 
straighten after the cause of the diffculty 
has been removed 

The treatment of scoliosis in the spastic 
patient depends on an analysis of the trunk 
muscles to determine whether there is a 
onesided spasticity which may frequently 
be «een in hemiplegic spastics or whether 
the pull IS due to the positions of the legs 
as described Occasionally there is an im 
balance in the abdominal musculature of 
the spastic producing a spasticity of one 
side of the abdomen and resulting m a 
rotary lateral curvature In very few in 
stances neurectomy of some of these ab 
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domitnl muscles has been carried out but 
about much success In other instances 
fascial transplants have been utilized to 
assist the weak, side and to correct the de- 
formay by this method [See Chapter 7 for 
operative technic —Ed 1 Spinal fusion and 
spinal grafts are satisfactorily used m the 
cases where the pull is not too strong It 
IS almost impossible to carry out a neu 
rectomy or anj lengthening of the erector 
"spinae masses since these muscles are too 
great m number and overlap each other to 
such an extent that no good effects can be 
produced bj this method It may be said 
definitely that spinal fusion has a real place 
in these ctses and that it is \ery effective 
provided the underlying causes have been 
noted and corrected in so far as possible If 
one of the difficulties is instability of the 
spine so that the patient is unable to hold 
the spine erect due to weakness or flacciddy 
of some of the muscles with overbalancing 
spasticity of the others the use of a brace 
or corset should be tried first to determine 
how much stability can be obtained by ex 
ternal fixation If this proves satisfactory 
then a fusion is definitely indicated (See 
Chapter 6 on scolioais and treatment there 
for -Ed 1 

Tnc SCiisrrc Arsi 

The arm of (he true spastic may have 
any t>7)e of combination of muscle weak 
ness muscle spasticity interspenied and 
normal mu'icles from the fingers to the 
shoulder However several characteristic 
positions have been observed which can be 
recognized as more frequent than the other 
positions The first of the«e is finger flexion 
wrist flexion pronation elbow flexion and 
internal rotation of the shoulder This is the 
most common position seen in the spastic 
arm The second most common is the exact 
opposite with h>perextension of the fingers 
supination and adduction and external 
rotation of the shoulder with elbow cx 
tension In this case (he arm is held usuallj 
down at the side with the elbow straight 
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and the palm turned forward The finders 
are frequently flexed m the distal joints 
but are hjperextended through their proxi 
mil joints This position and the frst one 
described are also frequently «cen in 
brachial palsies of the lower motor neurone 
t>pe resulting from damage to the brachial 
plexus at birth But of course in spastics 
they are much more complicated 

In dealing with the arm of the ■^pa i 
surgica]l> It is well to bear in m n I ihat 
each joint must be considered in relation i 
the function of the other joints It seen s 
most satisfactory to consider the shoul icr 
first and obtain good control of this in post 
tions where it will make useful the elbow 
wrist and hand rather than to begin with 
the hand and from thence to work up to the 
shoulder 

The most common deformity in the 
shoulder is internal rotation due to tightness 
or spasticity or both in the subscapulans 
Before attempting any procedure on this 
muscle the status of the external rotators 
must be determined If power can be demon 
straled in these muscles b\ bringing (he 
arm into external rotation and getting (he 
patient to hold it m that position then 
treatment of the subscapulans is advi'ille 
In this region it has been found that neu 
rectomy is diflicult but tenotomy of the 
subscapulans has frequentlj been verj 
effeciivc If there should be spasticilj pres 
enl m the infra'^pinatiis also an extreme 
externally rotated position of the shoulder 
would result which would not be d’c'^irablo 
However an internal rotator deformity in 
the shoulder m the presence of a balanced 
'pxsticity between the internal and external 
rotators is very rare If the external rotator 
or lofra'spmatus proves to be flaccid or 
practically func(ion?e<s then of course a 
recurrence of mteinal rotation deformity 
would probably take place due to action of 
the teres major even after tenotomj of the 
subscapulans In cases where there is <pas- 
tiatj present in the hUssmus dor«i or in 
Ibe pectoralis major lengthening of the 
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tendons is more «iati factor\ than tenotomj 
It IS adva«:able to allow them to rptam some 
of their power ^ince theN act as «:tabili 2 eTS 
of the shoulder and are \erj urffu! in this 
respect The lengthening of lhe«e tendons 
brings about an increased wcakne'S of their 
function and hence balances up the power 
m the deltoid which is v> escenlial to good 
use of the shoulder 

I\lth regard to the scapula itself Tias- 
ticih Is «eldozn «een miolnng either the 
«erratus anterior or the rhomboids alone 
Spastiatj IS usualh well balanced between 
ihe^ muscles when it is present in either 
of them In <Qme instances lhc\ both pre 
«€nt some degree of ilacadit} in which case 
the control of the shoulder is poor but in 
mo«t ca-es it is a balanced situation 11 mg 
ing of the «capula on abduction of the arm 
due to weakness of the rhomboids the 
trapezius or both is not often <een in the 
spastic arm llliea it is it is u ualli due 
to an uoderbing «colio«is with rotation of 
the nbs pO'tenor1> hanging the «capula out 
and thus decreasing markedly the mecbani 
cal adi'anta'^e of the rhomboids in control 
of this function There is ler} little that 
can be done in case of imbalance of the 
scapula but the«e cases are so rare that 
the significance of this particular diRiculU 
is relatiielj sligbL 

Tbz Spastic Elbow 

In the elbow there is a great deal of 
\-anatioa m power in the bicep> and 
brachiahs anticus in relation to the in«ps 
Spastiatj maj be found in all three musdes 
in which case the function of the elbow is 
slowed bj a stretch reflex in both direc 
tions In this t\T5e of elbow it is unwise to 
orrj out anj surgical procedure The best 
therapj is gradualli to work up the speed 
of flexion and eiten ion of the joint b> an 
exerase program Oier a period of months 
this will dcfiniteh increase the speed and 
a great deal of improvement can be made 
In cases where there is spasticiti of the 
biceps or brachialis anticus the important 


point IS to determine whether (he Inceps !« 
normal or is weak or fiacad If there is 
normal power in the triceps then a partial 
lengthening of the biceps raaj be aimed 
out through its tendon or the brachialis 
anticus mav be lengthened if at the time of 
operation it proves to be the offending 
mu«de In «ome m tances a neurectomj of 
either biceps or brachialis anticus can be 
earned out buta neurectomv ofbotb«houId 
never be done «mceall flexor power would 
thus be !o t In cases in which the taceps 
Is iniolied and in which the biceps is 
normal or weak the arm is u uallj held in 
a straight position and there is difncuUj 
in flexing the elbow In theee cases a neu 
reclomv of one of the nerves to the triceps 
has been earned out with some measure 
of success although ibis is a relauielj dilti 
cult MluatiOQ to deal with far as is 
known at present The Inceps tendon is v) 
broad and is inserted m «uch a wav that a 
lengthening of the tendon is \er> difhcuU 
and lengthening of the mu«cle bellj itself 
ts bard to carrj out since the muscle is 
widespread over the back of the humerus 
In manj instances it is best to utilize an 
elbow brace which will hold the arm m 
flexion except at such times that the patient 
wishes to extend it This can be adjusted 
b> means of a lock on the brace at 90® 
or «ome other convenient position in which 
the patient can unlock the joint with the 
other hand and allow the elbow to be ex 
tended wben he wishes 

The Spastic Fokeasm, Mrist, 

AND Hand 

Pronation due to «pastiatj^ of the prona 
tors Is freqoentlv «een in the spastic and 
is CKie of the major difhcuUies to be over 
come in this tjpe of patient Before con 
sidenng anj surgical procedure it is well 
to remember that supination while a verj 
desirable function in the right band is not 
nearij so necessarx in the left Most of the 
articles requiring supination are for a nght 
handed world and it is nece^^rj therefore 
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for Jeft handed people to bring about the 
winding of watches, opening of doors, turn 
ing of keys and so forth by a pronation 
motion of the left arm Therefore a per- 
sistent pronation of the left arm need not 
necessarily be corrected whereas it is of 
great importance to have supination power 
if possible in the rioht arm 

Again, before deciding on the procedure 
to be carried out it must be determined 
how much underlying power there is in the 
supinators and to what degree the patient 
may be able to supmate the hand if the 
pronators are released The usual offending 
muscle IS the pronator teres, and if power 
can be demonstrated m (he supinators by 
bringing the hand into a position of supma 
tion and then asking the patient to hold it 
there it can be decided that a procedure 
may be earned out on the pronator teres 
The tendon of this muscle is difficult to 
reach and neurectomy is not very satis 
factory because of the difficulty of finding 
the nerve to it 

The most satisfactory procedure has been 
found to be an exposure of the entire prona 
tor teres muscle and after opening the 
sheath dividing the muscle longitudinally 
into about six strips These strips of muscle 
ire cut alternatelj at their proximal and 
distal ends The hand is then forceful!} 
••iipmated allowing the strips of muscle to 
pull out like fingers This can be accom 
plishcd much more easily than might seem 
possible at first anil there is very little 
bleedin^ probabl} because of the tcndenc} 
of a muscle to contnet and control its own 
bleeding This same procedure ma} be u«cd 
on many other muscles it is difficult to 
applj to a vcr> large mu clc but is 
cspccialh satisfactory m the smaller muscle 
groups 

In nian> spastic wrists there js a lend 
enc} to ulnar deviation and flexion, and as 
(he origin of the flexor carpi ulnans is quite 
closclj associated with the pronator teres, 
It can be easil> lengthened b> the same pro- 
cedure at the same time The flexion de 


formitiCb of the wrist lend themselves to 
some extent to muscle transplantation of 
the flexors to the extensor side and vice 
versa, but lengthening of the tendon is 
often satisfactorj [For tcdimcs «ee Chap 
ter 7 -Ed J 

Neurectomies to the muscles of the fore 
arm are difficult to accomplish It is much 
easier to work on the muscles themselves or 
to transplant them as indicated 

In the use of tendon lengthening a great 
deal can be accomplished if there is power 
present in the antagonist of the spastic 
musde In man} cases the contraclural elc 
ment is the important one rather than the 
spastic element, and by lengthening these 
muscles the antagonist can gam sufficient 
mechanical advantage to bring about a 
much greater development of power b} 
training after operation [For technics of 
tendon lengthening «ec Chapter *12 — Fd j 

Fixation of the wrist bj arthrodesis of 
any accepted Ijpe is a very helpful pro 
cedure m producing greater facilil} m the 
use of the muscles activating the fingers 
Wrist motion is relative]} unimportant m 
relation to all of the other motions of the 
arm and a fixed and stable wrist wall some 
times bring about a ver} useful hand when 
otherwise the action of the muscles of the 
fingers is taken up in the wrist resulting in 
a flexion deformity and little use of the 
fingers [For technics see Cfiaptcre 7, 14 
15, and 33 —1 d ] 

To determine the effectiveness of an ar 
throdcsis of the wrist it is important first 
to appl} a brace whidi will accomplish the 
•ame result and to tram the patient with 
this brace for a period of time to determine 
the effectiveness of it and the eventual re 
suits which maj be obtained if an arthro 
dcsis of the w nst is carried out 

The SrvsTic as a W hole 

The spistic patient must be considered 
as a whole with regard to total function to 
be attained in an> given Instance Man} 
operative procedures have been de«cnbcd 
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above, and these, associated with careful 
muscle re education and training both be 
fore and after the operation will produce 
\ery favorable results 

However it must be borne in mind that 
frequently the trouble with the spastic pa 
tient IS not concerned with either the ability 
or lack of ability to mo\e but is a dis 
turbance of the speed mth which conlrac 
Uon can take place The blocking of a pven 
motion produced by the presence of spas 
ticity in the antagonistic muscles to this 
motion brings about a slowing of the mo- 
tion An example is the dorsiflexion plantar 
flexion power in the ankle A given patient 
may have a spastic heel cord and jet under 
exercise conditions may be able to bring 
the foot up into a good dorsiflexion posi 
tion However this act is accomplish^ m 
many instances too slowlj to be useful in 
walking The patient cannot bring the fool 
up quickly enough to clear the ground for 
his next step 

During very slow walking the foot can 
be brought up well and the walk mav be 
almost perfect But when the speed of 
walking IS increased the motion no longer 
can take place and the foot is maintained 
in a toe walking position Unless the speed 
of dorsiflexion can be increased no amount 
of surgerj will bring about any improve- 
ment in the gait This increase in the «;peed 
of muscle contraction can be attained only 
by a verj careful exerase program usually 
utilizing a metronome or other timing de- 
vice so that the muscle contractions may be 
gradually speeded up at a regular rale and 
greater speed of dorsiflexion thus attained 
ns the voluntary speed increases the gait 
will be improved at faster and faster walk 
rog speeds In the spastic patient as a whole 
therefore the emphasis must be put on 
first the decision as to what tjpes of im 
piovement are to be attained and second 
on an exerase program as necessarj both 
before and after operations The operations 
are not of themselves curative but are 
merely steps in a program of muscle re-edu 


cation and training which the spastic must 
undergo 

In very joung spastics it is not wi»e to 
consider surgerj except in the presence of 
extreme deformities But the exercise pro- 
gram should be carried out thoroughly in 
order to allow as much growth as possible 
to take place before resorting to surgerv 

IMOLUNTARk MOTION - 
ATHETOSIS 

Up to this point only true spasticity has 
been considered The presence of involun 
larj motion as opposed to stretch reflex is 
found m almost as many cases as ts spas 
ficitj It IS frequently mistaken for «pas 
ticitj since most patients with involuntary 
motion or athetosis tend to control this bj 
voluntarj tension They trj to prevent the 
mvoluntarj motion by holding the arm or 
leg as still as possible This xoluntarj ten 
Sion eventually becomes habitual and the 
extremities may assume any of the posi 
lions which are seen in the true spastic It 
IS very important to distinguish between 
(fats voluntary tension which has become 
habitual and which in some cases cannot 
be overcome voluntarily any longer and 
true spasticity This differentiation can be 
made only by testing the individual joints 
for a true stretch reflex The stretch reflex 
IS tested by attempting to change the posi 
lion of the joint rapidly by passive mantpu 
lation If there is a sudden tightening of the 
antagonistic muscles which tends to prevent 
motion then spasticity is present If, how 
ever there is a constant and continuous pull 
similar to voluntary resistance then there 
IS probably habilu^ tension and not «pas 
tiaty present 

The nature of involuntary motion has 
been little understood and la still a very 
complicated problem It appears to be more 
an attempt to bring an extremity into a 
given position by any muscle which can be 
utilized than to be a disturbance of motion 
of any specific muscle The reason for this 
conclusion as regards involuntary motion is 
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based upon cases of this type ^vhich have 
been subjected to neurectomy, muscle trans- 
plantation, tendon lengthening, and such 
procedures, with resultant failures It his 
been found that when a muscle has been 
transplanted, for example, the involuntary 
motion does not shift with the transplant to 
the opposite direction, but persists as be 
fore, merely bringing into play other neigh 
boring muscles which can accomplish the 
same or nearly the same result In a case of 
bony fixation below the anUe to prevent a 
varus deformity due to involuntary motion, 
the result showed eventually a tendenc) 
for the whole leg to go into an internallj 
rotated position, as if there were an attempt 
to assume this position of varus even though 
the tarsus could no longer move In in 
numerable instances this type of poor result 
his been seen m cases with involuntary mo- 
tion with all the various procedures de 
scribed, although they have been very sue 
cessful m true spastic paral>sis 

An illustrative example is that of a pa 
tient who had a flexion and internal roti 
tion of the hip due to involuntary motion 
which was thought to be due to spasticity 
in the tensor fascia femoris muscle This 
muscle was released, but subsequent)} i 
varus deformit} began to develop in the 
foot In another instance, in which the 
flexors of the wrist were transplanted to the 
dorsum for a persistent fteyion involunlaiy 
motion, the resultant picture was still a 
flexion involuntary motion utilizing the pro 
fundus and sublimus flexors of the fingers 
instead of the wrist flexors as had been 
previously observed 

These are examples of the difficulties 
arising from the ordinary oriJiopedic pur 
gical procedures on patients with involun- 
tary motion or athetosis The} are almost 
always unsuccessful, and this type of sur- 
gerj IS therefore not advised m any of these 
cases 

Of course, if true contractures can be 
demonstrated, as from long sitting with the 
Unees flexed for a penod of > ears, these con- 


tractures may be corrected as m anj other 
ca<se 

There are at present a number of opera 
ttve procedures which have been described 
by Putnam, Bussey, klemme, and Mc>cr 
and Browder which deal with involuntar> 
motion and tremor These operative pro 
cedures are earned out on the cortex basal 
ganglia, or the lateral columns of the «pma] 
Cord Results in them have been very favor 
able and these procedures are being per 
fected at the present time, but are as }et 
in a developmental stage They belong of 
course, in the realm of neurologic surger} 
Involuntary motion whether in the form 
of athetosis or tremor, is susceptible to re 
education The use of relaxation therapy 
following one of the better known methods 
such as that of Jacobson, produces really 
remarlvable results if persisted in over a 
long enough period of time, and it la ad 
visable in these instances to utilize these 
forms of therapy and follow them up with 
motion from the relaxed position 

DISORDERS or BAL \NCE 
In cases of cerebral injuries resulting m 
ataxia, there is of course no surgical pro 
cedure which is of any particular value, 
except as directed toward contractures if 
they are present These ca'es aLo are very 
susceptible to training by careful instruc- 
Uon w voluntary balance methods which 
eventually become habitual 
Treatment of both involuntar} motion 
and ataxia must of nccessit} be earned out 
over long periods of time in order to bring 
about satisfactory results and, when so 
treated, the end results are very favorable 

OBSTETRIC r\RAL\SIS (ERBS 
BIRTH PALSY) 

[The following account is written by 
the Editor J 

GeNERAI. PrATURES 

This lesion, occurring as the result of a 
birth trauma which puls the brachial plexus 
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on the stretch during delivery, presents it 
■self m three forms— (1) the so called upper 
arm tj^pe which comprises almost four 
fifths of the cases (2) a whole arm type 
which comprises about one fifth of the 
cases and (3) a lower arm tjTje which in 
eludes the remaining few per cent Since 
earlj diagnosis and prompt institution of 
treatment are important m these cases and 
since the differential diagnosis of this con 
dition from other hirth injuries involving 
the upper extremity is sometimes wot loo 
easy in the newborn infant the essential 
features in diagnosis will be briefl> pre 
sented 

\ny injury to the shoulder region during 
birth may give a pseudo paraljsis due to 
the infants instinctive refusal to me the 
extremity This is characteristic of clavicle 
fracture separation of the upper humeral 
epiphysis and fractures of the humerus 

The upper arm type of obstetric pals> 
presents the following picture due to in 
volvement of the fifth and sixth roots en 
lenng into the upper trunh of the plexus 
together with the suprascapular nene from 
that cord and the branch from it which 
enters into the formation of the middle 
cord of the plexus 

1 Inversion and adduction of the shoul 
der with the elbow rolled outward and 
forward and m extension 

2 Sony, ^onaJAoa of the. ttttcarm. wvlh 
the palm of the hand tending to look 
backward 

S Usuall) more or less weakness of the 
WTist and finger extensors (This may 
be complete in severe cases ) 

The whole arm type presents a com 
pletely flaccid extremity totallj immobile 
ana at flret without the striking features of 
the above characteristic position It is due 
to involvement of the whole plexus the 
various trunks being involved to riifferent 
degrees and often at different leveL It is 
impossible to demonstrate the sensorj loss 
present 


The rare lower arm type presents a 
definite syndrome known as Kliimpke palsy 
The intrinsic muscles of the hand and the 
wrist and finger flexors are paral>zed as a 
result of damage to the lower trunk com 
priced of the eighth cervical and first dorsal 
roots because of the involvement of the 
latter root and its sympathetic fibers how 
ever certain characteristic eye signs are 
present They are narrowing of the paipe 
bral fissure drooping of the upper lid and 
contraction of the pupil 

Prognosis The diagnosis of the exact 
type carries with it a prognostic import 
W hile recov ery in any case is dependent m 
part on the seventy of the actual patho- 
logic process in the neurologic structures 
the upper arm typ" carries by far the best 
prognosis the whole arm type only a fair 
prognosis while the lower arm type has a 
rather hopeless prognosis under any form 
of treatment 

In addition to the pathologic condition 
present in the nerve roots involved (which 
may vary from rupture of the perineural 
sheaths to partial or complete rupture of 
the nerve trunks outside the spine in the 
intervertebral foramina or wiihm the spinal 
canal) there occurs a variable amount of 
hemorrhage and exudation susceptible to 
fibrous tissue organization in the supra 
clavicular region and in the axilla This is 
the explanation given by many for the later 
contractures which are lounci to occur about 
the shoulder joint and which must he 
guarded against m the early treatment and 
taken care of m the cases seen after they 
are established So marked is this tendency 
to contracture m some cases that the view 
point has been advanced that there must be 
actual damage to the shoulder joint itself 
even to the point of dislocation posteriorly 
or of separation of the upper humeral 
epiphysis [For comment on traumatic birth 
dislocations see skeletal birth injuries 
Oiapler 43 —Ed I Regardless of the view 
point as to their cause, the importance of 
guarding against potential contractures or 
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of recognizing their existence in late cases 
IS paramount in treatment 

Treatment 

1 The Neurologic Lesion It is today 
the consensus that the conservative treat 
ment of earlj ca es as described belon 
should be adequately carried out for from 
four to SIX months before any direct attack 
on the neurologic lesion is contemplated If 
by that time there has been no demon 
strable improvement and if either the 
amount of paralysis present justifies it or 
exact localization of the lesion m the more 
limited cases is possible operative explora 
tion of the plexus may be considered It 
should be done b> expert hands and is a 
surgical neurologic problem In the loner 
arm l>pe and in many of the whole arm 
type it has often little to offer In the upper 
arm type under the circumstances died 
aboie It IS justifiable only in expert and 
skilled hands It is true that a few men have 
had some excellent results even in (he early 
attack on the neurologic lesion But it is 
generally agreed today that such mterven 
tion should be limited to cases m which 
conservative therapy has failed to»show re 
sponge and in which the lesion is either 
hopelessly disabling or m which it is a 
definitely localized one of the upper arm 
ty^pe involving Erbs point— the junction of 
the fiUh snd stvlh cacris t<r !cfcnt !hc upper 
trunk of the plexus including the supra 
scapular nerve given off here and the 
branch entering into the formation of the 
middle cord 

2 Early Conservative Treatment — 
Upper or Whole arm Type As ‘ioon as 
the lesion can be diagnosed the child should 
be fitted with a supporting splint holding 
the extremity m the position lost as the re 
suit of the paraly’sis This can be homemade 
of plaster of pans of metal or of light 
padded wood or it may be a bracemakers 
job It must be light in weight and com 
fortable enough so that the child is not 
obviously disturbed The extremitv must 
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be held in shoulder abduction at 90’ or a 
little beyond and in as complete external 
rotation as possible with the elbow at right 
angles, the forearm in full supination and 
the wrist dorsiflexed with the fingers ex 
tended Failure to maintain at all times this 
approach to a Statue of Liberty position 
may allow the gradual development of con 
fractures in shoulder adduction and internal 
rotation forearm pronation and wrist and 
finger flexion Ji ts tinportanl to remember 
that rather rapid recovery i» oftentimes 
linked with early development of contrac 
lures if the recovery is more marked in one 
muscle than another Signs of early muscle 
recovery therefore are not indicative of 
less urgent necessity for maintaining the 
extremes of the sphnlcd position The 
splint should be worn at all limes but the 
fastening holding the arm and forearm 
should be loosened several times a day and 
gentle massage given to forearm arm and 
shoulder muscles followed by circumspect 
and gentle forcing of the extremes of abduc 
tion and external rotation at the shoulder 
and of supination in the forearm and if 
the wrist extensors are affected of dorsi 
flexion at the wrist 

\\Tien voluntary muscle action is ob 
served the passive forcing of motion ex 
tremes may be supplemented by active 
motions in the desired directions by getting 
fke tnftut reach for hrighs))- tciored £>!»- 
yects interesting toys etc —a primitive 
type of muscle reeducation When con 
siderahlc muscle power has apparently been 
rcgamerl the splint is gradually’ and pro- 
gressively omitted during waking hours but 
kept applied at night and during sleep at 
other limes The passive but gentle forcing 
of the motions described above and the 
massage should be continued but more and 
more attention should be devoted toward 
eliciting active motion and function use of 
every sort from the child 

Under this regime in favorable cases 
steady improvement ma\ lx; noted result 
ing eventually in a degree of recovery 



268 TREATAIENT of PArAEYTIC DISORDERS 


on the stretch during deliverj, presents it 
self m three forms— (1 ) the so<alled upper 
arm t>pe nbich comprises almost four 
fifths of the cases (2) a nhole-arm tvpe 
which comprises about one fifth of the 
cases, and (3) a loner atm tj-pe nhich m 
dudes the remaining few per cent Since 
early diagnosis and prompt institution of 
treatment are important m these cases, and 
since the differential diagnosis of this con 
dition from other birth injuries. imoKmg 
the upper extremitj is sometimes not too 
eas 3 in the newborn infant the es^ntial 
features in diagnosis will be bneflj pre 
sented 

Any injurj to the shoulder region during 
birth may gue a pseudo paralysis due to 
the infants instinctive refusal to use the 
extremity This is characteristic of ctavide 
fracture separation of the upper humeral 
epiphysis and fractures of the humerus 

The upper arm type of obstetric palsy 
preoents the folloning picture due to in 
volvement of the fifth and sixth roots en 
tering into the upper trunk of the plexus, 
together with the suprascapular nerve from 
that cord and the branch from it whidi 
enters into the formation of the middle 
cord of the plexus 

1 Inversion and adduction of the shoul 
der with the elbow rolled outward and 
forward and in extension 

2 Some pronation of the forearm with 
the palm of the hand tending to look 
backward 

3 Usually more or less weakness of the 
wrist and finger extensors (This may 
be complete in severe cases ) 

The whole arm type presents a com 
pletely flaccid extremity, totally immobile 
ana at first without the stril ing features of 
the above characteristic position It is due 
to involvement of the whole plexus, the 
various trunks being involved to different 
degrees, and often at different leveE It is 
impossible to demonstrate the sensory liKs 
present 


The rare lower atm type presents a 
definite sy ndrome know n as Klumpke palsy 
'The intrinsic muscles of the band and the 
«nst and finger flexors are paralyzed as a 
fesolt of damage to the lower trunk com 
priced of the eighth cervical and first dorsal 
foots Because of the involvement of the 
fatter toot and its svmjwthetic fibers, how 
gver, certain characteristic eye signs are 
present They are narrowing of the palpe 
firal fissure, drooping of the upper lid and 
contraction of the pupil 

Prognosis The diagnosis of the exact 
fype carries vvilh it a prognostic import 
While recovery m any case is dependent in 
part on the seventv of the actual patho- 
jogic process m the neurologic structures 
the upper arm typ- carries by far the best 
prognosis, the whole arm tvpe only a hir 
prognosis, while the lower arm type has a 
rather hopeless prognosis under any form 
of treatment 

In addition to the pathologic condition 
present m the nerve roots involved (which 
fliay vary from rupture of the perineural 
sheaths to partial or complete rupture of 
the nerve trunks outMde the spine, in the 
intervertebral foramina, or withmthe spinal 
canal) there occurs a variable amount of 
hemorrhage and exudation susceptible to 
fibrous tissue organization in the supra 
clavicular region and m the axilla This is 
the explanation given by many for the later 
contractures which are found to occur about 
the «houlder joint, and which must be 
guarded against in the early treatment and 
taken care of m the coses «een after they 
are established So marked is this tendency 
to amtracture in some cases that the view 
point has been advanced that there must be 
ftctvial damage to the shoulder joint itself, 
even to the point of dislocation posteriorly 
or of separation of the upper humeral 
epiphy'sis [For comment on traumatic birth 
dislocations, see skeletal birth injuries, 
Oiapter 43 — Ed ] Regardless of the view 
point as to their cause, the importance of 
guarding against jxitential contractures or 
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of recognizing their existence m late cases 
IS paramount in treatment 

Treatment 

1 The Neurologic Lesion It is today 
the consensus that the conservatue treat- 
ment of early cases, as described below, 
should be adequately earned out for from 
four to six months before any direct attack 
on the neurologic lesion is contemplated If 
b> that time, there has been no demon 
strable improvement, and if either the 
amount of paralysis present justifies it or 
exact localization of the lesion m the more 
limited cases is possible, operative explora 
tion of the plexus may be considered It 
should be done b> expert hands, and is a 
surgical neurologic problem In the lower 
arm t>pe and in many of the whole arm 
type It has often little to offer In the upper- 
arm type, und^r the ctrcuvistances ated 
aAatc, It IS justifiable only in expert and 
skilled hands It is true that a few men have 
had some excellent results even in the early 
attack on the neurologic lesion But U is 
generall) agreed today that such mterven 
tion should be limited to cases m which 
con«ervative therapy has faded tenshow re 
sponse, and in which (he lesion is either 
hopelessly disabling or in which it is a 
definitely localized one of the upper arm 
type involving Lrbs point— the junction of 
the fifth and sixth roots to form (he upper 
trunk of the plexus, including the supra- 
scapular nerve given off here, and the 
branch entering into the formation of the 
middle cord 

2 Early Conservative Treatment — 
Upper- or Whole-arm Type As soon as 
the lesion cm be diagnosed the child should 
be fitted with a supporting spimt holding 
the extrcmitj m the position lost as the re 
suit of the paralysis This can be homemade 
of plaster of pans, of metal, or of light 
padded wood, or it ma> be a bracemaker’s 
job It must be light in weight, and com- 
fortable enough that the child is not 
obviouslj disturbed The extremitj must 


be held m shoulder abduction at 90’ or a 
little faejond, and m as complete external 
rotation as possible, with the elbow at n?h» 
angles, the forearm in full supination and 
the wrist dorsiflexed with the fingers rx 
tended railiire to maintain at all tinie^ thi 
approach to a ‘ Statue of Liberty posiian 
may allow the gradual dev elopment of cc 
Iractures m shoulder adduction and intern I 
rotation, forearm pronation, and wrist and 
finger flexion It ts important to remember 
that rather rapid recovery is oftentimes 
linked with early development of contnc 
tures if the recovery is more marked in one 
muscle than another Signs of early muxtle 
recovery, therefore, are not indicative of 
less urgent necessity for maintaining the 
extremes of the splinted position The 
splint should be worn at all times, but the 
fastening holding the arm and forearm 
should be loosened several times a day, anrJ 
gentle massage given to forearm, arm, and 
shoulder muscles, followed by circum«pect 
and gentle forcing of the extremes of abduc 
tion and external rotation at the shoulder, 
and of supination m the forearm, and, if 
the wnst extensors arc affected, of dorsi 
flexion at the wrist 

iWien voluntary muscle action is oh 
served, the passive forcing of motion ex- 
tremes may be supplemented by active 
motions in the desired directions by getting 
(he infant to reach for brightly colored ob 
jects, interesting toys, etc— a primitive 
type of muscle reeducation When con 
siderable muscle pow er has apparently been 
regained, the ephnt is gradually and pro 
gressivclv omitted during waking hours, but 
kept xpphed at night and during sleep at 
oUier times The passive but gentle forcing 
of the motions described above and the 
massage should be continued, but more and 
more -lUention should be devoted toward 
ehaling active motion and function use of 
every wt from the child 

Under this regime, in favorable cases, 
steady improvement may be noted, result- 
ing cvcnluallv in a degree of recovery 
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vjhich, while practically ne\er complete, 
may give a serviceable extremity, although 
alwajs with a growth disturbance resulting 
in a generally smaller estrenutj The night 
wearing o! the brace has to be maintained 
for SIX months to a jear or more, depending 
on the sev enty of the lesion and the tend 
ency to the formation of contractures 
It IS obvious that the success of conscrva 
tive therapy m these ca^es hinges on the 
early institutior of treatment, and on 
meticulous and constant care in the early 
months The cooperation of the familj and 
intelligent medical supervision are equally 
important The progressiv e stages of 
therapj must be properly paced Patience 
and ingenuity are often more effective than 
vigor and enthusiasm The cooperation of 
the family and the intelligent medical 
supervision should continue long bej ond the 
apparent attainment of a satisfactory re> 
suit, since cessation of effort ma^ be fol 
lowed by loss of the apparent gun, and the 
development of late contraciuces 

Conservative Therapy— Lower-arm 
Type The prognosis here, as has been 
stated, IS poor The conservative therapy 
follows the same general pattern Tbc 
splinting maintains a slightly flexed wnst 
and Angers with moderately abducted and 
flexed thumb Stretching and mas«age to 
prevent contractures is carried out for the 
hand and wrist It resolves itself largel> 
into the problem of trjing to maintain pas 
sive mobility m the wrist, hand, and fingers, 
and itjing to prevent contractures Ulli 
mately the problem is one of dealing with 
the disabilities of a hand badly com 
promised as bj poliomyelitis by operative 
means [See Chapter 7 —Ed ] 

3 Contractures (Including Resultant 
Posterior Subluxatton at the Shoulder 
Joint) Contractures may develop despite 
conservative efforts to prevent them, or 
may be seen fully developed in late ca«es 
With contracture there develops progres 
sivelj a marked internal rotation at the 
shoulder with shortening in the subscapu 


Ians and the pectoralis major, which ma> 
be intensified by contracture in the fore 
arm pronators Less commonl} flexor con 
traction at the wrist may also ensue With 
the sbouldcT element, in time, there ma> be 
associated a posterior displacement of the 
humeral head In some of the older cases 
this IS al«o accompanied b> a downward 
angulation of the acromion process, and an 
increase in tlie length of the coracoid proc 
ess 

When contractures tend to develop dur 
ing the course of, and despite, adequate 
conservative treatment as described above, 
manipulation under anesthesia, even re 
peatedly if necessary, ma> be added to the 
conservative therapj, and ma> control the 
situation In cases seen up to one >ear of 
age with contractures already developed, 
manipulations under anesthesia should be 
resorted to followed b>, and combined with, 
the conservative therapj \fier one jear of 
age, and up to the end of the second >ear, 
the chance of success of manipulative pro- 
cedures is defimtelj diminished but they 
ma> help to limit the degree of contracture 
which develops After the end of the second 
jear, manipulative procedures are hardlj 
worthwhile, but may be attempted 

It IS, of course, essential that all manipu 
lations in these joung children be earned 
out with great circumspection and caution, 
as severe damage can be done bj relatively 
little force injudiciously used It is al o 
wise to remember that a manipulation 
which inflicts considerable trauma may do 
far more barm than good Several manipu 
lations of less sevenlj maj be of greater 
benefit and entail less risk, despite the re- 
peated anesthesias 

In the cases which have developed con 
tractures during conservative treatment, or 
which have been seen after their develop- 
ment, and in which manipulation and con 
servative treatment have not been succe<s 
fill, physical therapj and protective splint 
ing 'thould be maintamed until the end of 
the fourth jear Surgical correction for the 
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upper arm residua can be resorted to after 
the hp'^e of that time 
The surgical procedures available, and 
iheir indications, are as follows 
The Sever Operation (Fig 260) This 
operation is optimum for those cases show 
mg marked limitation of abduction and ex 
ternal rotation, without posterior subluxa 
tion of the humerus, and without any 
marked secondary torsional deformity in 
the upper humerus It alone is not con 
sidercd adequate for the cases with pos 
tenor luxaMon or for those with marked 
torsional bony deformity, and the improve 
ment m function gained by it is not enough 
in the cases of mild restriction of motion 
to make it worthwhile 
PROCEDURE The skin incision is made rii 
rectlj downward from the tip of the 
acromion to the anterior border of the del 
toid below the lower border of the pectorahs 
major insertion It is well to ligate and cut 
the cephalic vein high and low The pec 
total insertion is exposed, cut close to the 
humerus, and the muscle is separated and 
retracted mesially With the arm held in 
as much external rotation and abduction as 
possible, the elongated coracoid can be 
located by following up the exposed coraco 
bnchialis muscle The end of the coracoid is 
cut across, freeing thereby the attachments 
of the coracobrachialis, the short head of 
the biceps and thepectoralis minor^ which 
attach to the coracoid tip and allowing im 
mediate marked increased in abduction and 
external rotation The coracoid tip and the 
attachments to it are retracted dowmvard 
and me«iallj The deltoid is now retracted 
outward, and the capsule and musculo- 
tendinous cuff of insertions into the tuber 
osilics revealed The edge of subscapulans 
is defined, and by blunt dissection the in 
scrlion of Its tendon into the lesser tuber 
osjty mesial to the biceps groove is defined 
A sound IS passed under the tendon close to 
its attachment from below upward, and be 
tween ft and the undcrJ>ing capsule The 
subscapulans tendon is complctclj divided 
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close to the tuberositj, and the arm carried 
into full abduction and external rotation 
After suture of the wound the arm and 
shoulder are placed in an abduction external 
rotation piaster spica It is kept there for 
two to three weeks in the same position as 
advised for conservative therapv and do 
scribed above \t the end of that time tlie 



Fio 260 The Sever operation Inci 
Sion IS deepened m interval between 
deltoid and p»ctoralis major Insertion 
of pectorahs major is cut at the bone 
and (he muscle retracted down and in 
Retraction of deltoid outward allows ex 
posureof coracobrachialis and ‘hort head 
of biceps up to elongated coracoid from 
which pectorahs minor runs downward 
and inward Section of coracoid allows 
retraction downward of the«e muscles 
wiCrt arracAed’curTcunf /iTjAubv.aVoiT.rwi^ 
external rotation subscapulans tendon 
can then be defined and cut as described 
in text, allowing full abduclion and ex 
lemal rotation 

plaster is removed and a bnce maintaining 
the same position is applied The brace is 
removed dailj or several times dail^ for 
physical lherap> and gradually increasing 
aided active exercise Tlie brace is worn 
until voluntarj active cxcrci«e is «atis- 
factor> 

In the ver> severe and longstanding 
abduction to the full at the close of 
this procctlure ma> not be possible because 
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of contracture in the latissimus dorsi and 
the teres major Stejndler has added to the 
operation the section of these insertions 
through a separate inasion along the pos- 
terior axillarj fold This maj weaken the 
po«er of the extremity somewhat 
Rotation Osteotomt roR Ihternal 
Rotation DEFORiim The indication for 
this operation is the correction of deformity 
It does little to impro\e function in the 
contracted cases and is not applicable to 
cases with subluxation or marked torsional 
deformity The skin inasion is the same 
as that for the Sever operation The interval 
between peclorahs major and deltoid is de- 
veloped to expose the humerus The arm is 
carried into abduction and a transverse 
osteotomy of the humerus i» done the bi 
ceps tendon being protected The shaft 
fragment is then rotated outward 90* on the 
proximal fragment The wound is dosed 
and a plaster «pica is applied similar to 
that described under the Sever operation 
above This is worn for eight weeks fol 
lowing which gradual resumption of active 
function t» encouraged The names of Lange 
abroad and Alark Rogers in this country 
are aosociated wuh this operation 
Operation for Posterior SuBttrcAnoN 
OR Torsion of the HusicrV/‘i Pulti s Oper 
ation (de«cribed by Scaglietti of the In 
stiluto Rizzoh) This was devi'^ for 
cases hav ing both contracture and posterior 
subluxation with torsion A Sever operation 
IS carried out as the first stage induding 
osteotomy of the down bent acromion if it 
interferes with reduction of the humeral 
head (The Sever operation if done in the 
presence of a subluxation employs section 
of the acromion if necessary to reduce the 
dislocation ) The initial plaster spica i> ap- 
pl ed as desenbed under the Sever pro- 
cedure but IS kept on for from six to ei^t 
weeks When it is removed and to prevent 
the recurrence which is apt to lake plaix 
after tbia operation when done in the pres 
ence of subluxation and torsion the lower 
half of the inasion is opened and a trans 


verse osteotomy is done through the hu 
meral neck while the arm is held so that 
the humeral head lies in the glenoid The 
head ts maintained in its reduced position 
while the shaft and arm are rotated outward 
until the shaft occupies a normal position 
in relation to the reduced bead A new 
plaster spica is applied and is worn for 
about eight weeks following which gradual 
resumption of active function is encour 
aged 

There are other operations but the^ 
three embody all the advantages to be ob- 
tained In coming to a decision as to 
whether or not to use them one must care- 
fully evaluate the indications and what can 
be expected from them As can be appreci 
ated from what has already been <aid 
without adequate power for a reasonable 
amount of function none of them are of 
vnlue The mere rotation osteotomy has 
«ome aesthetic value The others are for the 
purpose of relieving contractures and re 
duong and maintaining reduced po&tenor 
dislocations with or without torsion, pro- 
vided functional acUvxty can be ezerosed 
afterward The cases which recover reason 
ably well under conservative treatment 
usually do not require them, and the very 
badly compromised cases cannot benefit 
much by them The field for their use is 
therefore limited 

OFERATIONS for PROVATION CONTRAC 
TORE AND W RIST FLEXION CONTK-ACTURE 

The procedures associated with the names 
of "Dibby and Alay er are deAcribed in Chap- 
ter 7 These operations can be combined 
with one for wrist flexion deformity by 
dividing the tendon of the flexor carpi 
radialis at its insertion and inserting it into 
the opened sheath of the extensor carpi 
radialis longus suturing it to the contained 
tendon within the sheath This is done 
through an inasion along the lateral aspect 
of the lower radius and the proximal carpus 

4 Residual Palsies In the upper arm 
type and in the whole-arm type in which 
conserv’ative treatment has r«ulted in im 
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provement to a point where they ha\e be 
come essentially upper arm type, residual 
weakness in the extensors of the wrist and 
the long finger extensors may be compen 
sated for by the operative procedures de 
scribed for poliomyelitis affecting the same 
group m Chapter 7 In the lower arm type 
because of extensive involvement of the 
intrinsic muscles of the hand the problem is 
a great deal more complex, but the pro 
cedures described in Chapter 7 may be of 
help in giving some semblance of use to 
the hand except in the extreme cases 
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INTRODUCTION 

Great strides have been made in the past 
decade toward a clearer understanding of 
low back pain The role of Ihe sacro-iliac 
joints has assumed smaller proportions 
while the lumbosacral joint as well as the 
protruded intenertebral disk and hyper* 
Irophied ligamentum flavum have increased 
m importance as etiotogic factors Too great 
responsibilities, perhaps, are now invested 
m the protruded intervertebral disk The 
recognition and operatue removal of the 
offending disk fragments has cured many 
people of their backaches and sciatica— but 
is surgery alwa>s necessarj ? ALo, in the 
past decade, a clearer conception of the role 
of muscular and fa'^cial structures m con 
nection with low back pain and saatica 
has been reached With ihe«e latter ad 
Vinces have come new operative procedures 
that hive proved most beneficial in properly 
selected cases 

The foregoing notwithstanding, conserva 
live, nonoperativc therapy for low back 
pam still relieves and cures more than two 
thirds of the cases These conservative 
means consist in the application of time 
tried and proved procedures— postural cor- 
rection, traction, mmipulation, ph>sical 
therapy, and immobilization by plaster or 
braces 

Differentiation must be made between 
active infectious lesions of the soft (issues 
and osseous structures, and purely meebani 


cal lesions, though the latter mas be the 
result of a preceding infectious or iniljm 
matory lesion Obviousl> , ilI<ho<en surgical 
procedures m the presence of inflimmitory 
or arthritic processes mav have dire results 
In the low back there are three site* 
where motion occurs in the «acro-iliac 
joints, in the zjgapophjses or true joints 
between the articular proce'se-* and be 
tween the vertebral bodies around the inter 
vertebral disks Injurj or disease in my of 
the«e loci is associated with muscle spasm 
as elsewhere m the skeletal system Though 
a joint lesion may be the primary source of 
trouble, the secondary muscle spasm may 
be the actual cause of pain and di^ablIity 
In the occasional case, therapeutic meas- 
ures directed at the secondary or soft ti«suc 
lesion may entirely relieve the patient, but 
such a plan of thenpy must be used know 
ingly This must be borne in mind con 
stantly, as dissimilar primary lesions may 
be, and are, associated with similar ly7)es 
of muscle spasm responses The clinical pic- 
ture of (he so-called sciatic scoliosis, with 
limitation of motion of the low back and 
restriction of motion m (he straight leg 
raising test, is not diagnostic of any one 
lesion Trauma, arthritis, fasciitis, or struc- 
tural instability due to osseous anomalies 
may cause similar clinical pictures m the 
low back By careful study and analysis 
alone mav the true diagnosis be made, ind 
only (hen can (he therapy bephnned 
The primary lesion associated with low* 
ZSI 
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back pain may be a true joint lesion syno 
vitis, a ligamentous trauma periostitis at 
the site ot muscle origin or insertion, myosi 
tis fasciitis or a lesion m the neural canal, 
such as a protruded disk a hypertrophied 
ligamcntum flavum or a caudal tumor 
The etiologic factor initiating the syndrome 
of back pain with or without sciatica, may 
be a trauma disrupting the normal function 
of a joint a ligamentous ot periosteal tear 
associated uith primary localiaed hemor 
ringe and secondary fibrosis or scar tissue 
formation It may be a gradual fascial or 
muscular contracture dependent pnmanlj 
on faulty posture In this last instance the 
faulty posture may be due to an osseous 
anomal) associated either with hypcimobil 
it> and instability of the lumbosacral or 
fourth and filth lumbar articulations or 
muscle imbalance dependent on some other 
cause, such as pregnancy with persisting re 
latation of the abdominal muscles The 
primary lesion in many cases is similar to 
lesions occurring commonly about other 
joints of the body but obscured because of 
the intricate mechanism imoUed in the 
loner part of the back furthermore this 
joint or ligamentous lesion initiates a scries 
of muscle re ponses nhicb may be common 
to all of the dilTerent primary lesions 
Ob\iously before an attempt is made to 
treat a ^vndrome inaohing Ion back pam 
the lesion must be identified The hiMory of 
the mode of onset is espoaally important 


jis this sign often indicates a ligamentous or 
penosteal tear which may well be the lesion 
to be treated Postural strains, such as ac 
company automobile drning and faulty 
position at a desk, frequently initiate a 
muscle imbalance causing an anomalous 
lumbosacral structure to become symptom 
producing Equally important in the history 
js the fact that certain body positions or 
attitudes relieve the pain Pinally, the de- 
tailed history in the case of both acute and 
chronic backaches is just as important as in 
other bodily ailments 

On physical examination the signs and 
symptoms associated with low backache 
may be numerous or few, depending on the 
individual case Tlie acute low back pain 
with or without sciatic pam should be ap- 
proached in a manner entirely different 
from that suited to the chronic ca«e Alany 
of the acute co«es of recent onset represent 
Iigamontou« periosteal, or muscular tears 
with associated local bleeding An extensive 
phvsical evanunation accompanied by force 
ful testing of the range of mobility of the 
varioua joints is definitely contraindicated 
as It IS in the case of acute ankle or knee 
lesions Manipulation under these arcum 
stances will tend to oggrav ite the lesion and 
increase the degree of damage, although an 
existing painful muscle 'tpas-m may be tern 
porardy relieved Observation and palpa 
tion will elicit the location of the areas 
of tenderness and injury Acute Iigamen 
toua, capsular, and muscular lesions else- 
where in the body are treated by immobi 
Iization and the control of local bleeding 
Therefore m similar lesions about the lower 
back region immobilization bv adhe«ive 
strapping and bed rest accompanied by 
cold compresses or ice bags is smularly in 
dicated for at least 4S hours These soft 
tissue lesions require from seven to 21 dav3 
to heal therefore supportive therapy 
hould be pursued for this period It is the 
failure to recognize the nature of these 
initial lesions which contributes toward 
many of the recurrences of symptoms and 



INTRODUCTION 


279 


lowara many ol the secondarj persisting 
ligamentous, fascial and muscular lesions 
•leen in the chronic cases of lou back pain 
Ligamentous tears healed by relatively wide 
bridges of cicatricial tissue result m elon 
gated or contractured ligaments with a rela 
ti\e loss of elasticity Untreated periosteal 
tears are followed by areas of organized 
subperiosteal hematomas and fibrous tissue 
infiltration Similar 'Sequelae develop in 
mu'cle lesions The sites of these soft tissue 
lesions about the lower part of the bach are 
fairlj constant, as determined by areas of 
pain or more reliably, by point tenderness 
on pressure 

The more severe low back injuries may 
be accompanied by lesser fractures involving 
articular processes, laminae, or pedicles. The 
prompt recognition of a fracture involving 
the arcus of a vertebra and Us subsequent 
immobilization will prevent many chronic 
complaints involving the lower part of the 
back These fractures, although often iso 
lated and small, are true fractures not only 
capable of producing symptoms but re 
quiring from eight to ten weeks to heal 
Ununited, these lesions may offer suffiaent 
local instability to be the basis of recurrent 
or constant pam 

The exact mechanism and degree of 
trauma preceding ruptures of (he annulus 
fibrosus and consequent posterior protru 
sions of the intervertebral disks has not 
oeen definitely determined Likewise, the 
less frequent lesions of the ligamcntum 
flaviim followed by hjpertrophy or cicalri 
cial thickening of the ligament are not 
clearl> understood That lhe«e lesions do 
occur, and tliat they may be associated 
independent!} with constant or recurnng 
attacks of low back pain with or without 
'cialic pain, must be accepted However, 
(hat these lesions occur and that m man} 
cases, reported b} man} authors, complete 
recovery has followed laminectom} does not 
indicate that in all instances recover} or 
relief from s}mptoms depends sole!} on re 
moval of the lesions The functional mecha 


ni«ni of the lower part of (he back is 
intricate, and varies extensuel} with the 
functional demands placed on it hence it is 
higbl} probable (hat more than one lacior 
is responsible for the production of pam or 
dysfunction in man} cases 
Likewise, the elimmaijon of one of two 
or more abnormal conditions in a given case 
may result m complete relief from s}'mp 
toms and clinical recover} From the verv 
nature of the lesions found at oper ition and 
the frequent absence of histor} of recent 
injury, a protruded disk and a recent low 
back pain cannot alwa}'s be correlated I re 
vious episodes of low back pain m a piiunl 
ma} have been relieved b} conservative 
therapy, but in a later, po sibl} more sc\ ere 
attack a protruded disk has been discov ered 
and removed ^^as this disk the causative 
factor in the previous similar attnek of back 
pain? An analogous situation ma} arise m 
the case of congenital isthmus defects of the 
fifth lumbar vertebra (Fig 34) entirel} 
s}mptomless for 25 or more years, which 
are discovered associated with an attack of 
loir back pain with or without sciatic pam 
The instability of the lumbosacral joint in 
this instance may be, and often is, a pre 
disposing factor in the clinical piclurf 
nevertheless a certain number of Ihc'c pa 
tients are cured or relieved by nonoperatiie 
therapy, or by lesser operative procedures 
not actually involving the Isthmus defects 
The history of momentary acute increase 
of pain in the low back, buttock, or saalic 
nerve area accompanying sneezing or cough 
mg IS frequently considered a diagnostic 
sign of a cord tumor, protruded disk, or 
hypertrophied hgamcnium flavum— the ag 
gravalion attributed to a transient increased 
intraspinal fluid pressure On the other 
hand «mec7ing and coughing are clo«c!} 
linked with spasmodic contracture of (he 
abdomiml and hick muacJcs Lesions of (he 
fasciae, mu«cles, or joints may , therefore, be 
equally affected momentarily Espeaalty is 
this true of periosteal lesions 
So<alled saatic scolio'is, with flattening 
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or convexity of the lumbar spine may ac 
company any acute or subacute lesion of the 
lo^\er part of the back and m itself is indic 
attve of only an irritative lesion of the 
neuromuscular mechanism of this region 
Relief from pam and disappearance of 
muscle spasm on lying down generally imply 
that a postural or abnormal mechanical 
strain has been remo\ed from a lumbosacral 
or sacro iliac joint Intraspinal lesions~pro 
truded disks and hypertrophied ligamenta 
fla\a— usually although not constantly are 
unaffected by changing of position such as 
lying down or sitting 
In the presence of muscle 'spasm or con 
tracture of the gluteus maximus or ham 
string muscles or both limitation of for 
ward bend ng in the standing position as 
compared with the sitting position has rela 
lively little significance as in standing the 
affected muscle^ are put on increased ten 
Sion and in sitting they are relieved of this 
tension In the absence of muscle spasm or 
contracture of these muscles however this 
test aids considerably in di^erentiating be 
tween lumbar and sacro-tliac or fascial 
lesions 

Limitation of passive lumbar flexion m 
tne supine position signifies a lumbar or 
lumbosacral articular lesion 
The straight leg raising or Lasegue 
test when definitely positive may be m 
lerpreted in several ways Such limitation 
of hip flexion with the knee extended may 
be due to spasm of the gluteus maximus and 
hamstring muscles caused by lesions of these 
muscles or their periosteal origins lesions of 
the sciatic nerve or its nerve roots or artic 
ular lesions of the sacro iliac or lumbosacral 
joints accompanied by muscle spasm On 
the other hand pain induced on one side 
only regardless of which leg is tested should 
center attention on the lumbosacral or the 
sacro-iliac joint of the painful ^ide 
The Ober^ test for contractured thigh 
fascia may be positive as the result of mus 
cle spasm involving the tensor fasaae 
femons and gluteal muscles IVhen this test 


causes a localized pam a periosteal lesion 
should be suspected MTien the Ober test is 
positive during an interim between attacks 
of back pam it is really indicative of con 
tracture of the fascia lata or of the iliotibial 
band 

The Ely* or prone knee flexion test is 
one of the most valuable maneuvers to 
demonstrate the existence of thigh fascial 
contractures but not of a lumbosacral le 
Sion as onginallv described Because of the 
position of the patient spasms of the glutei 
and hamstring mu'cles play practically no 
role If on passive flexion of the lower leg 
on the thigh m the prone position the but 
locks arch away from the table and at the 
same time the leg abducts at the hip joint 
a true contracture of the anterior and lateral 
thigh fascia is demonstrated 

In the supine position with the knee ex 
tended internal rotation of the leg followed 
by slight flexion of the hip and adduction of 
the leg may cause localized pain m the 
buttock (authors maneuver) When asso 
ciated With pain on pressure over the pyn 
formis muscle one of two lesions is indicated 
—either a leson of the pyriformij. muscle 
or a lesion o( the sciatic nerve or its sheath 
m the region of the pynformis mu«de 

Again in the supine position on passive 
twisting or rotation of the pelvis by forcing 
the flexed hip and knee of one side across the 
body while fixing the ipsilateral «ihouIder 
limitation of motion on one side associated 
With pain suggests an articular or capsular 
lesion of the lumbosacral or sacro-ihac joint 
depending on the site of the pam 

Probably the most valuable of all the tests 
in determining the exact site of periosteal 
ligamentous or joint lesions is the localiza 
tion of one or more areas of definite tender 
ness on palpation when the patient is lying 
comfortably on a firm table Unless a care- 
ful routine is carried out the area of maxi 
mum tenderness may be missed upon ex 
amination 

The details of a complete neurologic ex 
anunation have no place in this di'cussion 
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but, obviously, m many instances of per 
sisting or chronic low back pain such an 
examination is required \ diminished or 
absent Achilles tendon reflex does notalwajs 
signify the existence of a protruded inter 
vertebra! disk, but this is often the case 
Subjective numbness or the sensation of 
coldness of the leg in the absence of ob_;ec 
tive sensory changes does not indicate an 
essential sciatic nerve lesion A neurologic 
examination will exclude central nervous 
sj’stem degenerative lesions or peripheral 
reuritis WTien the general observations sug 
gest an intraspmal lesion lumbar puncture 
studies and, if indicated, visualization 
studies with iodized oil should be made 

A correlation of the clinical, neurologic, 
and X ray findings must be made without 
prejudice An anomalous osseous leswn, or 
a neurologtc stgn which does not fit into the 
cUmcal picture, must be considered a co 
incidental finding 

In concluding this discussion of low back 
pain and before describing specific methods 
of treatment, one fact must be borne in 
mind There is no absolute uniformit> of 
opinion regarding the causes of all the types 
of low back pain On the premise that low 
back pain, with its numerous manifesta 
lions, on hypothetical and on proven bases 
may be due to many varied mechanical and 
infectious lesions, various tvpes of therapy 
have been popularized in America, in Eng 
land, and on the Continent Tor this reason 
there is a great div ergence of opinion, among 
experienced orthopedic surgeons, regarding 
the extent to w hich supportive, or mampula 
live, or surgical procedures should be used 
It must be assumed that the tlierapeutic 
indications will differ depending upon the 
diagnosis That cures are obtained by van 
ous types of treatment, in ipixirenlly similar 
cases, emphasizes the need for careful study 
of cachca«e before Instituting therapy The 
contraindications for anv one type of ma 
nfpulative or «urgical procedure mu«t be 
wci„heil equally wuh the indications for 
such a procedure 
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(This excellent di«cu««ion of pathologic 
states signs and symptom* is included here 
because of its direct bearing on the formula 
tion of any intelligent plan of treatment for 
the so called low back ca'e —Ed j 

DIAGNOSTIC SLRGICAL 
PROCEDLRES 

Phvsical Examination 

The presence of fixed or apparent dc 
formities should be carefully noted \ny 
limitation of motion in any direction of the 
lower spine or hip joints should be recorded 
and evaluated according to the body ty^pe of 
the individual under consideration and the 
age of the individual By the usual methods 
of examination m different positions con 
fractures of the soft tissues including the 
fasciae, must be differentiated from limila 
tion of joint motion ith the patient m the 
prone position, palpation of all of the bony 
prominences the sites of ligamentous and 
tendinous origins and insertions and the sue 
of true articulations should be examined by 
both gentle and deep palpation All areas of 
tenderness as well as areas that produce 
pain elsewhere by localized pressure must 
be noted A complete x ray examination 
must include exposures made m different 
planes and preferably stereoscopically 

PbOCAINE H\D»OCllI.OBIDE InJECTIOVS 
(Steinuler*) 

The injection of 2 to S cc of I per cent 
procaine hydrochloride solution into one or 
more sites of tenderness may temporarily 
relieve not only the local back pam but, 
likewise, an assoaated leg pain ^\^lcn relief 
follows the injection of the procaine hydro- 
chloride, the exact site of the fascial, liga 
mentous, or osseous lesion has been found 
and the therapy, conserv’aiivc or surgical, 
may then be outlined (Iig 261) 

WTiercas the injection of novocaine or 
procaine hydrochloride solution into the site 
of tenderness not infrequently is followed by 
more than a temporary relief from pain, 
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several authors have advocated the use of 
injection methods consisting of anywhere 
from 25 to 50 cc of fluid as a curative tj^ie 
procedure The success of this tj’pe of cura 



Fig 261 Trigger points of Stem 
dler Areas shown represent sites of 
tenderness which may be associated with 
back and leg pain due to muscle tendon, 
or ligament injuries causing reflex or 
referred pains Injection of 1 per cent 
novocaine into one or more existing 
tender areas accompanied by relief from 
sjTnptoms indicates a soft tissue lesion 
amenable to supportiv e or fascial surgery 
(1) Sacrospmalis syndrome (Stem 
diet), (2) lumbosacral syndrome (Stem 
dler) (3) gluteal syndrome (Steindler), 
(4) transversosacral syndrome (Stem 
dler), (5) tensor fasciae latae syndrome 
(Steindler) (6) myofasaal syndrome 
(Steindler) (7) trochanleiic bursa (8) 
posterior ligaments and capsule of sacro 
iliac joint (9) capsule of zygapophysis 
and (10) sacro iliac joint 

tive procedure has varied considerably in 
the hands of different men As the injection 
of a fluid into tissues can only stretch them 
or alter the arculation m them it must be 
assumed that if this procedure is curative 
correction has been accomplished in one of 
two ways— namely, (1) a reflex arc has been 


interrupted and muscle spasm has been re 
lieved, the initial cause having disappeared 
in the interim (2) subperiosteal fasaal, or 
intramuscular adhesions following an m 
flammatory or traumatic lesion have been 
stretched by the injection procedure 

SnsAi. FLUID Studies 
Spinal Puncture For low back pam a 
small caliber spinal puncture needle is intro- 
duced in the usual manner, preferably at 
the fourth lumbar interspace Before with 
drawing any fluid careful manometric studies 
are made to determine the preccnce or 
absence of interference with the normal 
dynamics of the cerebro'pinal canal The 
more accurate manometric studies are made 
when a blood pressure cuff is placed about 
the neck, and in place of the ordinary meth 
ods of compression of the jugular vein the 
cuff IS inflated and the ri«e m manometer 
IS noted, or the absence of n>e is equally 
noted, and the pressure is quickly released 
from the blood pressure cuff 
Though actuallv offering no great differ 
ence from digital jugular compression, the 
blood pressure cuff method has the advan 
tagelhat a constant pressure maybe exerted 
on each patient The failure of the fluid to 
rise in the manometer on the application of 
jugular compression is a positive Quecken 
stedt lest, signifying an obstruction in the 
normal flow of the cerebrospinal fluid some 
where between the fourth interspace, or «ite 
of the spinal puncture needle and the cer 
vical spine Furthermore, if the fluid m the 
manometer rises rather slowly and subse 
quently drops rather slowly on the release 
of the cervical pressure, an incomplete 
obstruction to the spinal fluid may be sus 
peeled Sufnaent fluid is slowly withdrawn 
into several te^t lubes approximately 2 S 
to 3 cc per tube Protein determination is 
made on the first tube Assuming that the 
protein content of the spinal fluid will be 
higher at the "site of the lesion, a low back 
intraspinal lesion is ■suspected if the protein 
in this tube is high Protein content of more 
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than 40 mg per 100 cc of fluid is considered 
a significant elevation [Many men regard 
readings of less than 50 of doubtful sig 
nificance“Ed ] On the second and third 
tubes of spinal fluid cj tologic and serologic 
studies are made An increase in cells or 
positive serologic findings obviously indicate 
further studies 

Sptnograms or Air Myelography This 
method of localization of extradural and 
intradural lesions in the lower spinal canal 
has an advantage over injection of opaque 
oil inasmuch as the air injected is eventually 
absorbed On the other hand this method 
of examination has not proved universally 
satisfactory, and m the hands of man> is 
still considered somewhat unreliable WTien 
the procedure is earned out meticulously 
and the findings are definite, however, it 
has proven to be a most satisfactory pro 
cedure If the Queckenstedt test has been 
positive the patient sits upright on the table 
bending forward and 4 to 6 cc of air are 
injected below the level of the suspected 
lesion and immediate anteroposterior stereo 
scopic and lateral x raj films are made If, 
however there is no suspected block the 
entire lumbocaudal subarachnoid sac must 
be Visualized Chamberlain* says 

This IS done by placing the patient on the 
side with the table in Trendelenburg position 
at an angle of from 30 to 35® An 18 or 20 
gauge needle is inserted into the subarachnoid 
^pace at the second lumbar inler‘‘pace and 
*pinal fluid IS exchanged for air in 5 cc 
volumes until air returns from the needle It 
usually takes from 30 to 50 cc of air to fiU 
the canal m adults, depending upon their size 
The needle Is then withdrawm and the patient 
moved onto an ordinary horizontal x ray table 
equipped with a Buck} Potter diaphragm, the 
table being elevated at one end by blocks In 
order to maintain the Trendelenburg position 
It IS important to keep the patients head 
lower than the rest of the body or the air will 
ascend Into the cranium In such an event, the 
resultant loss of air content from the spinal 
canal may interfere with the success of the 
mjelognphic procetlure, and the palrent in 
varnbU suffers more or less from headaches 
when this happens Stereoscopic lateral and 


anteroposterior projection^ w ith the patient m 
the usual conventional positions except for 
the Trendelenburg position are sufficient in 
most instances Additional lateral r ra>'s with 
the lumbar spine held m hj^erflexion and 
hyperextensioti give additional information in 
some instances 

A careful examination of the x ray films 
made following the injection of air will 
demonstrate the presence of i filling defect 
due to an extradural lesion and an obstruc 
tion of the subarachnoid space or filling of 
the caudal canal by a neoplasm or an in 
flammator} lesion of the meninges Con 
siderable experience is required however 
in the accurate and satisfaclorj intcrpreta 
tion of the x ray films made follomng air 
myelographic studies The positive findings 
arc of greater significance than negative 
findings with this method of examination of 
the subaradmoid space 

Injection of Opaque Contrast Medium 
Lipiodal Lipiodal injection into the sub 
arachnoid space is resorted to m the follow 
jng conditions (1) 11 the protein content of 
the spinal fluid is found to be elevated 
above 40 mg per 100 cc , (2) if m spite 
of normal spinal fluid findings there is still 
the impression that there is an intradural 
or extradural lesion m the neural canal 
(3) if the result of the ipmograra or air 
myelography is inconclusive or (4) if ihere 
IS lack of confidence in this latter procedure, 
as IS often the case As lipiodal is heavier 
than (he <pinal fluid, the patient is kept in 
the recumbent position at the time of exam 
ination With the patient lying on his side 
on a tilling fluoroscopic table, preferably 
equipped to take spot x raj films, 5 cc of 
(he hpiodal (hcavj) arc injected at the 
fourth lumbar interspace As 5 cc of lipi 
odal do not fill the lumbocaudal sac, the 
cJi‘splacement of the spinal fluid by the 
lipiodal must be controlled bj the position 
of the patient Under the fluoroseope, with 
the patient in the various po^ible positions 
including prone, supine and I>ing on each 
Side, the head and feet arc respectively ele 
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vated and Io^^e^ed The flo^^ of the Lpiodal 
from one lev el to the other can be controlled 
bj the angle of the patient and can be satis 
factorilj ob«er\ ed on the fluoroscopic screen 
UTien a constriction in the lipiodal «hadon 
mass or an apparent obstruction around 
which the lipiodal flows is noted spot t ra> 
films are made for later studj \s with the 
use of the fluoroscopic screen the field of 
vision IS often cut down for accuracj it 
is of great help if «mall lead markers are 
attached to the skm of the patient with 
adhesive «o that the exact level under ex 
aminaiion can be determined from a known 
vertebral level 

In a great number of cases 2 cc of lipi 
odal are sufficient for localization of lesions 
in the lower lumbar canal On the other 
hand there are manv with wide experience 
(Camp®) who feel that the vise of 5 cc. 
results in a more «ati«factor> examination 
and does not increase the reaction AUhougb 
there is adequate evidence that under ordi 
nary conditions the injection of hpiodal into 
the subarachnoid «pace causes no permanent 
changes it is gcnerall) considered unwise to 
inject lipiodal unless the probabilities are 
that an operation is to be resorted to at 
which time the lipiodal ma> be released 
from the subarachnoid space The injection 
of lipiodal is definitely contraindicated in 
the presence of inflammatorv or suspected 
inflammatory lesions 

{It can safely be said that lipiodal is 
being used less and less as a diagnostic 
procedure Its accuracy as a diagnostic pro- 
cedure has not lived up to earlier promise 
and Its innocuou^ness has been senously 
questioned — Ed ] 

Epidural or Caudal Injections In some 
instances when the preceding spinv^rams or 
lipiodal injections are inconclusive or con 
sidered inadvisable and in the presence of 
positive findings from the original spinal 
puncture the injection of SO cc of normal 
sabne solution following preliminary injec 
tion of 5 to 10 cc of 1 per cent procaine 
hydrochloride into the sacral hiatus may 


increase the svTnptoms previously noted of 
low back pain and leg pain When this teat 
IS positive it is most suggestive that there is 
either an intradural or an extradural lesion 
in close proximity to a nerve root at Us 
exodua from the spinal canal This procedure 
is sometimes called a reverse Queckenstedt 
test though incorrectlv The occurrence of 
pain following the epidunl injections of the 
solutionis nevertheless a valuable test On 
the other hand epidural injection of 50 to 
100 cc of saline volution relieves a small 
number of cases hvpotheticallv by freeing 
adhesions about the nerve roots 

Sciatic nesv’e She-vth Injection Just 
below the transverse buttock crease the 
mfenor margin of the gluteu> maximus mus- 
cle the sciatic nerve may be rather easily 
contacted with an injection needle A few 
cubic centimeters of 1 per cent procaine 
hydrochloride solution is injected into the 
skin and subcutaneous tissues at this site 
A two and one half or three inch 20-gauge 
needle )» now inserted in a vertical plane 
and the sualic nerve is identified by the 
subjective complaints of local and lower leg 
pain After injecting a few more cubic cent! 
meters of procaine hydrochloride solution 
into the nerve sheath sO cc of physiologic 
saline solution are injected rather rapidly 
to distend the nerve sheath In selected cases 
with nerv e-trunk tenderness satisfactory re- 
lief from symptoms follows 

■MECHAVICAL OR SUPPORTIVE 
THERAPk 

Under this heading is included the ma 
jorily of the soolled conservaitive or non 
operative procedures used m the manage- 
ment of low back pain Some of the following 
procedures in certain circumstances are 
used as diagnostic tests— namely the Use of 
traction— whereas under ordinarv circum 
stances the various procedures to be de- 
scribed are resorted to following careful 
examination of the patient and a definite 
conclusion as to the etiologic factors m 
volved in the backache 
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PiiYSiOTncRApy erector spinae muscle group (See anj stand 


The choice and use of the \anous modal 
ities available under the care of a trained 
and qualified physiotherapist is a subject 
too broad to be discussed here Essentitillj, 
the use of physiotherapy in the treatment 
and cure of low back pam consists in the 
u«e of physical means by one espeoally 
trained rollowing an injury or acute back 
sprain cold compresses or ice bags should 
be applied for the first 48 hours Immediate 
application of heat and massage tends to 
increase the bleeding and congestion of the 
traumatized tissues Folloising this 48 hour 
period, however heat and massage— but not 
kneading— causes muscle relaxation and 
stimulates the absorption of extravasated 
blood For the very painful, acute lesions 
hospitalization and daily physiotherapy will 
shorten the period of illness A firm mat 
tress re enforced by fracture boards reduces 
the tension m injuries of the muscles and 
fasciae If the lesion be a lumbosacral artic 
ular sprain, hm\e%er, the patient is more 
comfortable in a mild Fo\\ler position- 
flattened lumbar spine and knees flexed 
Unless the recumbent position aids in the 
relaxation of the patient the heat and mas 
sage will accomplish little 
Low back pain associated with habitual 
faulty posture, whether it be of the fatigue 
type or due to soft tissue contractures after 
an injury, may be corrected by muscle 
training under the guidance of the physio 
therapist, m combination with an external 
support (for bnces «ee p 2S9) Jn this 
manner 80 per cent or more of the ordinary 
backaches are cured Correction of faulty 
posture can be accomplished with the co- 
opcntion of the patient if there be no 
serious structural abnormality The type of 
exerci es prescribed depends upon the mlurc 
of the poslunl variation For an increased 
lumbar lordosis emphasis is placed on the 
abdominal and gluteal muscle exercises If 
there be an abnormal lumbar flattening or 
kyphosis, the excrci«es are confined to the 


ard phy«tothcrap\ text ) In mam instances 
correction of static deformities of the feet 
with or without accompanying chronic fool 
strain, relieves secondary postural abnor 
malities with low backache As promted 
feet may cause an acute or chronic bgi 
mentous knee strain so may thev be the 
basis of an acquired malposture of the «pine 
It IS important therefore that in attempt 
mg to correct the spinal posture adequate 
attention be given to the feet \oi infre 
quently, m men especially moderate elcva 
tion of the heels vvifl compensate for a 
contractured calf muscle group and thereby 
cure a secondary Ion backache Lowering 
of the heels m womens shoes will often 
relieve the low back pam due to the sec 
ondary lordosis or increased lumbosacral 
angle— a compensator) postural deformity 
from the wearing of high heel# On the 
other band judgment must be u«ed in de 
termming the exact heel height and over 
correction m heel changes must also be 
avoided 

iMMOBILlZVnOS 

Traction In the presence of muscle 
spasm or muscle contractures associated 
with low back pain the judicious use of 
skin traction has no substitute As the pur 
pose of the traction is to o\ creome the effect 
of muscle spasm and thereby rest an in 
flamed or irritated low back joint a heavy 
pull 13 not indicated Ru'scII traction or 
modified Russell traction is the most easily 
applied fFor Russell traction, see Chap- 
ter 22 —Ed ] The patient is placed on a 
firm bed preferably with fracture boards 
under the mattress Adhesive strips are ap- 
jrfied to the lower leg and wjih a spreader 
and a foot-drop support a rope is passed 
over a pulley attached to the foot of the 
bed Traction in a straight line usually ag 
gravates the back pain For this reason a 
cloth or towel sling is passetl around the calf 
of the leg ju«t below the knee, and attached 
lo the overhead bar of a Balkan frame \s 
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the purpose of the sling is onlj twofold — to 
maintain a moderate flexion of the hip and 
hnee, and to o\ ercome the friction of the leg 
Ijmg on the bed— the sling need not be 
counterbalanced with weights (Fig 262) 
(\,H Freiberg®) \\Tien the most comfort 
able angle of the knee and hip has been 
determined, <5e'en to ten pounds of weight 
are attached to the rope from the foot 
spreader in this line of pull Ordmanlj, the 
foot of the bed is raised on shock blocks, 
and a wooden box is placed in the bed below 
the other leg «o that the patient ma\ pre 
\ent himself from being pulled down in the 
bed A period of from se\en to ten daj'S 
usuallj will accomplish the maximum effect 
to be attained bj traction Alucde spasm or 
contracture not o\ ercome in this period of 
time requires other means of correction 
Adhesive Strapping The purpose of 
adhesne strapping is to immobilize exter 
nallj a painful joint and its related mus 
culature At best adhe<i'e fixation of the 
lower back is inefficient and, therefore, the 
fixation b) this means must include areas 
well aboie and below the painful areas In 
the various epecial methods of adhesive ap 
plication several principles are followed 
The patient must be in a comfortable post 
tion before the adhesive is applied, usuall} 
lying on a firm table with a small pillow 
beneath the abdomen The adhesive tape, in 
two or three-inch widths is applied from a 
line just antenor to the midaxillary line 
across the back to the opposite '‘ide The 
strapping should extend from a line trans- 
versely juat above the trochanters of the 
femora upward to one or two inches below 
the inferior margin of the scapulae Ordi 
narily, if the adhesive be applied obliquely, 
m layers it is more efficient as in this 
method of application the gluteal masses are 
supported (Figs 263 and 264) 

In the presence of gluteus medius or ten 
«or fasciae femoris mu«cle <5pasm, if the 
affected leg be abducted and slightly flexed 
and the adhesive be extended down to the 
lower third of the affected thigh, addi 


tional support and comfort result (Hfeld^) 
(Fig 26S) 

Adhesive strapping is effective in the 
acute case, and as a preliminary immo- 
bilizing procedure in many chronic cases 

Plaster Jackets The indication for im 
mobilization m a plaster jacket is the need 
for fixation of the lower spine for a pro 
longed period — two to eight weeks— in a 
position of comfort and/or correction of 
malposture The po_ition of the patient at 
the time of application of the cast vanes 
with the effect to be obtained Following 
the relief of a pre-existing mu<^e spasm a 
normal degree of lumbar lordo«is is desired 
However, if there be evidence of nerve root 
pressure— due either to a lumbosacral in 
stability or a protruded intervertebral disk 
—a position of moderate anterior flexion of 
the lumbar spine is desirable (Williams*) 
(Fig 27J) As in adhesive fixation, plaster 
fixation must include a generous area of the 
back abov e and below the le»ion In the ca e 
of the lumbosacral area, the plaster should 
extend below the midline of the buttocks 
and up to the low er margins of the scapulae 
If lordosis IS desired the encasement must 
be longer ov er the front of the body , vrhereas 
if forward flexion of the lumbar spine is 
desired it must be longer over the back of 
the body Keedless to 'say , the plaster should 
be carefully molded over the bony promi 
nences, both for comfort and for efiicaev 
If complete immobilization of the lumbo- 
^ocral area is indicated the plaster should 
be extended down one leg to just above the 
knee, with the included hip flexed about lO® 

Braces In general, metal braces and 
cornets are u^ed as supplements for the pre- 
ceding types of therapy or for relatively 
mild low back lesions Of the very numerous 
types devised some of which are illustrated 
below, the effects to be attained may be 
stated as follows a check to limit extremes 
of motion in one or more directions a sup 
port to maintain corrected postural deform 
ities a support to aid in maintaining an 
unusual body posture such a^ lumbar flexion 




r:o 262 Diasrammatic repre«entation ol simple form of traction as used by Dr Albert H 
Freiberg Sling eliminates friction of bed clothing and maintains proper ancle of knee and bip 
Traction is applied o\er a single pulley, as shown This method of traction application has 
many of the advantages of the Rus«ell traction and none of the disadvantages of the old Buck s 
extension 



rre 263 Method ot adhesi%e strappinR for lumjxisacral and sacio 
Ihrcc-inch \Md(h adhcsne sltipa are appl'«' ™ 

adhesn c strapping extends anterior to sagittnl plane on both Bides and from let el ot trochanters 
to and includinR low ernb margins . . , . , 

Ftc 264 Method of strapping for low back pam due to fasciitu, or ^ 

generaltzeil, or for low back pam associated with gtnerahaed degeneratne arthritis of spmc 
Two orthrcc inch widlhadhcsisestnps areused 

Fro 265 \dhesne strapping for acute low back pam asKiciated with gluteus medi^ or 

tensor fasciae femons muscle «pa«m— method of IMeld' T«y'‘ flrLn^Md°abdJcUon' 
are applied to dorsolateral aspect of affected side with leg held m slight flexion and abduction 
Interlacing adhesu c is now applied about thigh and low back as shown 
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^\Uh a \\illiams* tjpe support A satis 
factory brace, in addition to being mediani 
cally efficient for its purpose must fit do^ly 
to the bodj contours and be comfortable to 
the i\earer The tjTse of brace prescribed 
must be chosen with consideration gaen to 
the mechanical or postural problem in 
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Fro 266 This «acro iliac heed corset 
gnes inadequate support for the true 
osseous lesions of lumbosacral region 
For recurrent or convalescent ligamen 
tous or periosteal lesions of low bacL, 
however this support is most valuable 
UTien recurrent strand ate associated 
with deficient abdominal musculature, 
this brace is excellent 
Fic 267 The Osgood lumbosacral 
and «acro-iliac brace made of leather 
with steel reinforcements m the two 
pads gives adequate support for the 
relatively mild degenerative and Iran 
matic arthritic lesions in lumbosacral 
region This brace is espeaally valuable 
for those wishing to engage in athletics 
or moderately strenuous labor Though 
fitting snugly construction of this brace 
allows for a moderate amount of move- 
ment in low bact without causing undue 
irritation of soft tissues 


\ohed the body type of the patient, and 
the occupation of the patient Obviously, in 
an obe«e patient, a corset or a steel brace 
incorporated in a corset is more comfort 
able than an appliance held only with straps 
Lil^ewi«e, for an individual doing strenuous 
work, a strong metal brace is indicated 



Fic 268 This «pring steel low back 
brace is most useful m low back pain 
due to degenerativeor traumatic arthritis 
involving primarily, the lumbar spine 
WTien well fitted and worn snuglj, it 
acts as an efficient support and as a 
check rein Brace should extend down 
ward from just below inferior angles of 
scapulae to just above greater trochan 
(enc level 

whereas a simple reinforced corset without 
elastic material in it will suffice in manj 
other instances Experience has «hown that 
women prefer corsets since they are less 
visible beneath their clothing than braces, 
and men prefer the smallest practical sup- 
port regardless of the matenal construction 
(Figs 266 270) In genera! braces or cor 
sets should be used only as temporary sup- 
ports during the period when postural de 
formities, fasaal contractures, and weak 
abdoQunal or back muscles are being over 
come or corrected by supervised exera«es 
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MANIPULATIVE SURGERY 
Manipulative surgery has been greatly 
neglected by the medical profession, with 
exceptions until recent years Without ques 
lion there is a definite place for manipula 
live or stretching procedures in selected 
cases of low back pain Many traumatic and 


«!omewhat strenuous mechanical procedu-e 
accompanied by the lensalion of si ht pn 
or discomfort The \anous cult ip 

patently cured many patients \ h ■> lu e 
previously faded to respond to !e \ 
treatment encompassing the use of 1 eii i 
support It 15 somewhat difticult t( 
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Fio 269 Modified \\ dliams brace as used by author This brace is the most cfiicient 
ty^Je support for recurrent lo« back pain due to arcus defects of fourth or fifth luniliar 
vertebrae iMth or >sithout a mdd degree of spondylolisthesis Al'o used for con\a!escent 
protruded intervertebral disk patient, for degenerative intervertebral disk at lumbosacral 
joint and following laminectomy for a protruded disk in v^hlch a fusion operation vms 
not indicated Correctly made and worn, this brace should cause a three-point pressure 
posteriorly over sacrum below and lower nb margin above, and anteriorly over lower 
half of the abdomen Upper metal posterior support is pivoted on the uprights so that 
brace accommodates itself to a certain degree to di^erent body positions, maintaining a 
firm support at all times 

Fjc 270 Standard Taylor back brace vrjih peroneal strips may be made of rigid 
steel or spring steel as illustrated WTien carefully fitted this support serves excellently 
for generalized arthritis of lumbir spine or m cases requiring support of lumbodorsal 
«pine This brace is now used less frequently than formerly m ca«es of low back pain 


inflammatory lesions involving the lumbar 
and pelvic supportive structures are foJ 
lovred by capsular, ligamentous, and fa«cial 
adhesions ind cicatrix formations The judi 
Clous release of lhe«e cicatricnl lesions is 
iccompamcd by return to normal, free mo- 
bility , and disappearance of reflex pain sen 
saiions And not to be entirely overlooked 
is the psy chologic effect on the patient of a 


indications for manipulative surgery Obvi 
ously, severe osseous anomalies, such as 
spondylosis or cpondylolislhesis as well as 
destructive lesions and marked arthritis are 
conlnmdications In general it may be said 
that recurring attacks of low back pain not 
associated with any gross anatomic defect 
or disease, but accompanieil by mu<clc 
spasm or soft tissue contractures are the 
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criteria for manipulatue surgerj id the 
hands of the exponents of this tj-pe of 
therapy 

The basis for the relief of pain which 
follows manipulation is the immediate in 
creased mobilitj after fascial, capsular, and 
muscular contractures ha\e been oxercome 
If an actue infectious lesion is precent, the 


Lm,” and others have described speaal 
methods of manipulation for low back pain 
To summarize the principles of the \arious 
methods. It maj be said that the limitation 
of motion in the lumbar cpine and hip joints 
in the individual case is either overcome at 
a «ingle manipulation under anesthesia, or 
b} several treatments without anesthesia 



Fic 271 Showing two methods of appl>ing lumbar flexion jackets In recumbent 
position patient is lying on a canvas ding (Bell fracture table) The lines on the 
iiockinei m the standing position indicate the plaster margin— upper includes lower nb 
margins lower extends well over buttocks This Ijpe of jacket is indicated in the con 
servative management of protruded interxertebral di'ks, acquired or congenital 
zjgapophy«eal or facet lesions, and os ecus encroachment on the foramma of the spinal 
nerves 


relief is ot\l> temporary, and the lesion is 
often aggravated If the leal le'^ion is an un 
recogmzed osseous instability of the lumbo- 
sacral joint, the muscle spasm promptly 
returns with increased seventy Obviously, 
manipulative surgery must be chosen as a 
therapeutic measure only after the case has 
been thoroughly studied 
"Mampulation for low back pain, with and 
without leg pain, according to diffctent 
technics, is done as an office procedure, or 
under anesthesia followed by immobiliialion 
in plaster in a bo<pital Goldthwaite,® Baer,’® 
Cofield, hlennell,^® Jostes,*® Lewin,” Pit 


Obviously , the surgeon must know what the 
normal range of motion should be before 
attempting manipulative procedures Like- 
wise, the variation m mobility in the several 
body types must be recognized Afanipula 
tions ate earned out on a firm examining 
table or on a blanket-covered floor The 
vanous movements earned out pa^^sively, 
with variations, are 

1 Lumbar flexion with the patient in a 
supine position— the lumbar <5pine is flexed 
by forcing the flexed knees to the chest 

2 Extension of the lumbar «pine, with 
the patient prone, is accomplished by lifting 
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the legs bach\\ird, keeping the knees ex- 
tended 

3 Rotation of the lumbosacral and sacro 
iliac joints may be done m two na}*? With 
the patient supine, either flexed knee is 
forced across the body to\\ard the opposite 
axilla hile the ipsilateral shoulder is held 
firmly to the table A second method is to 
place the patient on his side ^\lth the knees 
and hips moderately flexed, and with the 
surgeon facing the patient's back, force the 
iliac crest forward while rotating theshoul 
der girdle backward This manipulation may 
be reversed to accomplish rotation m the 
opposite direction The author prefers the 
second type of manipulation almost lo 
the exclusion of all others With the patient 
lying in a semiflexed position on hts side, 
less difficulty is encountered in obtaining 
relaxation \\ ithout anesthesia there is liUle 
danger of doing harm by manipulation And, 
finally, this t\pe of manipulation serves as 
a valuable means of localiaing the exact site 
of pam On many occasions there is an 
audible dull click during rotation of the side 
of the pelvis forward, which is followed by 
a definite feeling of relief on the part of the 
patient With the more strenuous manipnh 
tions under anesthesia, and followed by the 
application of a plaster “ipica, the question 
will always arise whether or not U is the 
period of rest in plaster vvhich accomplishes 
the cure rather than (he manipulation 

4 Rotation of the lumbar spine in flexion 
(Jostes'®) may be done by lifting the pelvis 
of the prone patient, grasping the anterior 
crests, and then rotating the pehis first to 
the right and then to the left 

5 Under general anesthesia, to overcome 
contractures or «pa«m of the hamstrings and 
gluten. With the patient supine (Baer,"* 
Goldlhwaite,® Cofield”) v\hile an assistant 
holds the opposite leg on the table the sur- 
geon gradually forces the leg, willi the knee 
uxtended, upward, using sufnaent force so 
that the heel almost approximates the ear 
Following this manipulation, vuth the knee 
extended and the hip flexed at a right angle. 
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the leg IS forced across the body A plaster 
spica IS applied and left on for a period of 
from ten days to a month This vigorous 
type of manipulation has been given up by 
many because it is possible to produce 
actual trauma— sciatic nerve rupture or 
spinal fracture Less vigorous manipulation 
of thi3 type may be done without anesihevia 
and without danger to the patient 
These passive movements are variously 
earned out— slowly and forcefully, or with 
rapid sudden movements The latter method 
in the consaous patient, is most effective if 
accompanied by an audible click, though ii 
may have no actual therapeutic significance 
Manipulations done without anesthC'^ia 
are more satisfactorily earned out if pro 
ceded by heat and relaxing massage to the 
lumbosacral area These gentler mampula 
tions may be repealed at intervals of several 
days, gradually increasing the range of mo 
tion Following removal of the plaster after 
a vigorous mampubtion, physiotherapy is 
always indicated, sometimes for a protracted 
period 

Injudicious manipulation is accompanied 
by fascial, muscle or capsular lacerations 
localized bleeding, and increased or new 
symptoms In the presence of low back pain, 
the author prefers manipulation without 
anesthesia and, therefore, within pain limits 

FASCIAL AND MUSCLE SURGERY 
The Oder^® Opeeatiov 
With the patient ly mg on the normal «:idc, 
and the normal leg slightly flexed at the 
knee and the hip, the leg is extended m the 
horizontal line of the trunk If both sides are 
lo be operated on at the same time, a large 
sandbag is placed beneath the buttocks w ith 
the patient ly mg on hts back Either general 
or procaine infiltration anesthesia may be 
used IThcre la an advantage in the use of 
local anesthesia m these cases In many 
instances the severance of one or more par- 
ticular fascial or septa! bands will occasion 
in the patient a sensation of sudden shock 
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running down the leg with relief of pam, 
sometimes dramatic m its suddenness ITie 
prognosis in these cases is particularly good 
—Ed ] An incision (Fig 272) is made 
from about one inch below and one inch 
behind the anterior superior spine ettending 
obbquelj backward and downward to an 
equal distance bejond the greater trochan- 
ter The tense fascia lata and tractus ilio- 


approtimated A firm dressing is applied 
The patient ma> be allowed up on the third 
or fourth da>, if only one side has been 
operated on, otherwise, recumbency should 
be maintained for seven to ten days 
(In the milder cases with positive Ober 
and Klj signs the exercises suggested by 
Ober maj adequately stretch the fasciae 
without necessitj for operation These same 



Fig 272 Thigh fascial release operation of Ober In^et chows "ite of «bin incision 
la this illustration the fascia lata with its intramuscular «epta has been cut From left 
to fight muscles which should be exposed are gluteus maximus, gluteus medius, tensor 
fasciae femoris and sartonus Severance of intramuscular and intermuscular septa is 
an important part of the operation 


tibialis and the fasciae of gluteus maximus, 
tensor fasciae femoris and sartonus muscles 
are identified and severed in the line of the 
skin masion The fascial septi are followed 
into the intramuscular spaces and severed 
With the leg adducted or, as described, in 
the obliquel> lateral position, the severed 
fascial lata and muscular sheaths should 
now be released from underlying muscle by 
blunt dissection so that they separate about 
two inches When hemostasis has been ob- 
tained the superficial fasaa and skin are 


exerases have been found to be of definite 
help m maintaining the initial postoperative 
improvement 

The patient stands 12 to 18 inches from 
a wall with the involved side facing the 
wall The hand on the involved side is 
placed flat against the wall IVhile the feet 
ate kept with soles and heels flat on the 
floor, the elbow is flexed and the shoulder 
adducted until the shoulder and, if possible, 
the hip on the affected side touch the wall 
This is done slowlj and the ultimate posi 
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lion maintained tor a count ot ten. This is made along the crest of the posterior 
should be carried out 10 to 20 times Itso or third ot the iliac crest and do«n to one mcl, 
three Umes a day,— Ed.] belott the posterior superior iliac spine \ 



Tig. 273. muscle release or stripping operation of Heyman Left inset shows 
line of skin incision Subperiosteally, gluteus ma^mus and erector spinae muscles are 
stripped from their attachments to posterior IhinJ of iJiic crest. If there was tenderness 
to pressure or apparent contracture of luinbodorsal fascia o\cr sacral area, this is 
incised along a line as shown in the right upper arm of wound Right in«ct illustrates 
extent of muscle stripping in transverse plane. 

TiieIIfvman” OrERVTioN single incision or two parallel incisions arc 

The patient is placed in the prone post- now made, one on either side of the iliac 
(ion with a pillow or sandbag beneath the c«st, through the periosteum. With a peri- 
lower alxiomen. A skin indsion (Lig 273) O'teal elevator the posterior portion of the 






294 


LOW-BACk PAIN 


gluteus medius and the entire gluteus 
tnaKimus origin are suhpenosleally sepa 
rated from the ilium On the mesial aspect 
of the ilium the erector <pinae insertions 
are freed until on retraction a narrow border 
of the dorsum of the sacrum is exposed If 
the dorsal fascia over the erector <pinae 


elaboration of and an improvement on the 
rotation of gluteal stripping deviled b> 
Periy Roberts for saatic pain —Ed J 

TnC PVSIFORMIS TE^OTOVIY 
The following is the original or first de 
scription of the operative procedure as done 



Fic 274 P>Ti/onnjs tenolomj— Freiberg Gluteus maxunu:> muscle has been <plit 
by blunt dissection and retracted Beneath upper retractor l , «een posterior edge of 
gluteus medius mu«cle which, at times, overrides pjriformis muscle «een m center of 
wound Above lower retractor b seen upper margin ol superior gemellus muscle 
Coming out from beneath p>rifonnis mu«de is shown the saatic nerve — occasionally 
situated in the middle of a bifid K'nfonnis or being bipartite and enciichng the 
pyriformis muscle When indicated, tendon of pyriformu is severed as shown Inset 
shows Ime of skin inasion 


muscles is contractured, this is severed 
transverse!} After hemostasis has been ob 
lamed, the wound is do>ed by suture of the 
superfiaal fasciae and skin A firm dressing 
IS applied The patient is allowed up when 
the soft tissue wound has healed— seven to 
ten days [This would appear to be an 


bythe author atthe suggestion of Dr Albert 
H Freiberg A small sandbag or folded 
sheet js placed under the groin, with the 
patient prone on the table A skin incision 
(Fig 274) approximately five inches long is 
made from one and one half inches lateral 
to the sacrosaatic notch to within one and 
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one half inches from the superior tip of the 
greater trochanter In the line of incision 
the gluteus maximus fascia is incised Run 
ning parallel to the skin incision the fibers 
of the gluteus maximus muscle are «epa 
rated by blunt dissection If the inferior 
margin of the gluteus metlius is m the line 
of incision it is retracted upnard By fur 
thcr blunt dissection the subgliiteal fat and 
areolar tissue is divided until the conical 
muscle belli of the pynformis muscle Is 
identified The pjriformis is readily dis 
tinguished from the other rotator muscles 
as it is situated most superiorly has a thick 
belly, and also has a relatively long ovoid 
tendon 

The muscle js now gently retracted up 
nard and immediately beneath it is found 
the sciatic ner\e Not infrequently the 
«ciatic nerve has lr\o trunks one extending 
beneath the muscle and the second through 
the bod> of the mu'icle \ er} rarely the 
pjnformis muscle has two tendons half of 
the ner\e emerging between them A thor 
ough exposure of the sciatic nerve is made 
sothatan) abnormalities such as atlhesions 
about or Ih ckening of its sheath maj be 
identified The p>riformis muscle is severed 
at the junction of the muscle fibers and 
the tendon After retraction of the muscle 
proper a neurol>sis or injection of the saatic 
nerve may be done In closing the wound 
the gluteus maximus fascia the superficial 
fascia and the skin are approximated in 
lajers An adhesive dressing is applied The 
patient is allowed up m seven to ten dajs 

Some surgeons have combined the lateral 
thigh fascia relea«e of Obor with a pjri 
formis tenotomj bj extending the Obci 
incision posteriorli Through this approacli 
a satisfactory cxplontion of the <ciatic 
nerve cannot be done I ikewise the indica 
tions for such a combined operation arc not 
clear This combined procedure is not rec 
ommended liccause of the inadequicj of 
the approach through the extended Ober 
incision and because of the lack of an> 
clcar<ul indications for Us u e 
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InTRODUCTIOV choice of ANESTUrsiA 
Spinal surgery, including the removal of 
an autogenous graft is usuallj done under 
inhalation anesthesia the tjpe varj mg with 
the preference of the surgeon For the lon^t r 
procedures many have found cjclopropant 
the most satisfactory In the author s expe 
nence infiltration anesthesia withprelm 
nary opiates and barhituntes has been the 
most satisfactory With this anesll esia there 
has been less postoperative reaction in 
eluding shock The routine for infltration 
anesthesia must include a barbiturate the 
evening before and repeated one hour I efore 
operation— usually Nembutal one and a 
half grains The barbiturate prevents pro 
came reactions as well as lessen ng the alert 
ness of the patient The anesthesia u«ed i& 
I per cent procaine hydrochlonde with five 
drops of adrenalin to the ounce Tlie skin 
and subcutaneous tissues are infiltrated in 
the line of incision One cc of the procaine 
hydrochloride is then injected with a large 
fine needle subpenosteallyovereich lamina 
Unless a nerve root be manipulated ns in 
a laminectomy no further anesthesia is re 
quired up to two hours time If a tibial graft 
IS to be taken the procaine is infiltrated in 
a similar manner mclud ng subperiosteal 
iijrilration Unquestionably there is less 
bleeding due to the adrenalin m the anes 
thesia mixture and therefore less time is 
required in obtaining hemostasis Postopera 
ttve shod.. IS less frequently encountered 
Occasionally in removing a tibial graft w ith 
a motor saw ^ome pain is experienced as the 
xivv enters the medullary canal of the tibia 
This pain is brief and rarely «cvcre if 
desired short supplementary gas anesthesia 
may be given Infiltration anesthesia wtirks 
equally well in child or adult if the surgeon 
has the patients confdcnce 

OPFRVTIVT rOSlTIOS 

The patient is placed prone on the table 
With the anterior superior spines directly 
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over the lidney bridge Subsequently, by 
elevating the kidney bridge or platform the 
lumbar lordosis ma^ be les'^ened expediting 
the operative exposure Also in this position 
respiratory mov ements of the abdomen are 
free To alloiv adequate chest respiratorj 
mov ements small sandbags folded sheets or 
piUows are placed beneath the shoulders 
Furthermore particularly when using infil 
tration anesthesia the patient must ^ in a 
comfortable position with the head sup- 
ported on another small pillow 

DRAPIVG OF OPEBATtVX AREAS 

The spinal site is prepared in the usual 
manner and after visualizing the line of 
incision the area is blocked off with sterile 
towels immedialelj up to the planned inci 
Sion An orderlj now holds the fool of the 
leg from which the graft i:> to be taken up 
in the air with the knee flexed to about a 
right angle and the knee raised upward 
from the table Previously a long sandbag 
or firm pillow has been placed under the 
ankles preventing complete extension of the 
knees— an uncomfortable position especially 
undesirable if local anesthesia is to be used 
^^’hlle the leg is suspended the entire cir 
cumference of the lower leg including the 
knee and extending to the heel is prepared 
A sterile roll towel now blocks off the upper 
end of the tibia and a sterile sheet is placed 
under the leg and the knee is then allowed 
to rest on the table The surgeon then blocks 
off the foot and ankle with roll towels or 
a sterile operative stocking fastened with 
towel clips or a sterile bandage and the leg 
IS laid on the table Slenle sheets are then 
applied in such a manner that when the 
time comes to take the tibial graft on flex 
ing the knee acutely no uncovered areas will 
be exposed 

EXPOSURES 

In order to obtain a maximum degree of 
exposure minimum bleeding and minimum 
muscle trauma whether the spinous proc 
esses and laminae or the iliac crest or tibia 


IS to be the site of surgerj, a midline inci 
Sion carried directlj down to the underijang 
osseous prominences is the best Ligamen 
tous or tendinous attachments to the bone 
are severed by sharp dissection Then with 
a broad moderately sharp fishtail t>pe of 
periosteal elevator the soft tissues are laid 
back iubpenostcoll\ en masse from the 
bone If moderate oozing is encountered a 
<ponge or pack moistened in warm saline is 
packed in the wound and the other side of 
the incision is worked on Bj alternating 
from side to side in this manner hemostasis 
IS obtained and valuable time is saved Fol 
lowing removal of the «ponges if several 
bleeding areas persist they may be con 
trolled b> coagulation or ligatures The use 
of bone wax is rarely required or indicated 
On completion of the exposure with re- 
tractors in place irrigation of the wound 
with warm saline solution from an asepto 
synnge will usually sufiicc to obtain com 
plele hemostasis As m all bone surgery 
needless insertion of the gloved hand in the 
wound should be avoided If digital palpa 
tion IS required several layers of gauze 
should be placed over the examining Anger 
However if the expo-sure is adequate the 
introduction of the surgeons hand into the 
wound is rarely tf cter necessary 

BONE CRAFTS 

There are several types of free bone grafts 
used in low back surgery, each having spe- 
cifcadvantages 

The osteoperiosteal graft of Delage 
mere®* is removed from the tibia by out 
lining the graft with an masion through 
the intact periosteum With a one-half to 
three-quarters inch ihm osteotome or shal 
low gouge a thin layer of bone with its 
attached periosteum is exased Hypotheti 
tally, this graft may be removed in a single 
flexible piece but actually the bone usually 
fractures in many places but remains at 
tached to the periosteum This graft of high 
osteogenic properties is usually used sur 
rounded by additional free bone chips taken 
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from its tibial origin The osteoperiosteal 
gnft may be readily sutured in place 

The Massive or Full thickness Graft 
Popularized by Albee There are two 
methods of removing this graft from the 
tibia after elevating and retracting the pen 
osteum By the use of an electric motor 
saiv, a graft of anj nidth or length may be 
made If for one reason or another a saw is 
not to be used, by outlining the proposed 
graft with drill holes through the cortex of 
the tibia, the graft may be easily freed with 
a thm blade(l osteotome The drill holes pre 
vent splitting of the tibia Ordinarily, the 
graft includes the full thickness of the cortex 
of the tibia An angular or curved graft can 
be made more easily with the saw, pre 
viously outlined by drill holes 

Tlie massive graft, while theoretically le«s 
osteogenic than the osteoperiosteal graft, has 
the great advantage of rigidity and con 
tmuity of structures Likewise it may be 
anchored into phce by sutures, wires, or 
screws 

Laminated Full ‘thickness Grafts 
These are cut like the full thickness mas 
sive graft, except that several longitudinal 
saw cuts, one sixteenth to one eighth of in 
inch apart, are made so that from two to 
four separate strips of bone are obtained 
The thin grafts are modentelj flexible and 
mnj be placeil in any tlcsirablc arrangement 
in the wound 

^fany orthopedic surgeons now prefer 
these laminated full thickness grafts when 
both relative rigidity and flexibility is 
desired 

The Cancellous Graft This graft i» 
taken from the crest or tuberosity of the 
ilium after subperiosteal exposure The ad 
vantages of this graft are numerous It may 
be ob(aine<l through the spinal inasion 
While It has i desirable rigidity nnd mas 
sivcne^s although less than the full thickness 
tibial graft, Its osteogenic qualities are 
thought to be grexter than the tibial graft 
Lastly, liecame of the relatively large 
amount of bone available m the ilnc tuber 
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osity, it can be cut to almost any desired 
shape The graft cm be cut easily with an 
osteotome without preliminary drill holes 

INDICATIONS FOR LUMDOSACBAI. FUSION 
OPERATIONS 

In the earlier sections of this chapter on 
lott back pain the conservativ'e therapy has 



Frc 275 Spinal fusion— Albee Ex 
poswl spinous processes are lumbar four 
and file and sacral one In the midline 
these spinous processes and mler«pinous 
ligaments have been split, the right 
halves of the ^pmous processes hav e been 
fractured at their bases and a full 
thickness autogenous tibial grail has 
been inserted 

been discussed If conservative means have 
failed to control the low back pain or if 
recurrences arc frequent, particularly m 
those who do strenuous work, stabilization 
or fusion of the lumbosacral area is indi 
cated when the lesion is considered to be 
a mechanical one This is true whether 
it be due to congenital defects (Tig 34), 
associated with instability or secondary 
traumatic arthritic changes, or ununited 
fractures of the arcus or zygapophyses, or 
localized healed infectious arihntis The 
fewer vertebrae involved in the operation 
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the higher is the percentage of successful 
fusions resulting ^\’hene\er •v\arranted 
these operations should be confined to the 
fifth lumbar and first sacral segments only 


Albee** Spine Fusion — Lumbosacral 
The eTpo'ure differs from the other fusion 
operations in that no periosteal reflection 
IS made Through a midline incision the 



Fic 27b ‘Spinal fusion operation — Hibbs By 
subperiosteal reflection of erector nae mii'clcs 
«pinous proces es laminae and zygapoph>se3 (ar 
ticular process jo nts) base been exposed U'lth 
curette the articubr cartilage b remoied from the 
2>gapophj«e3 l\ith a gouge Osseous fragments 
from laminae are freed and interlaced ‘'pinous 
processes are cut at tbe r bases and displaced down 
ward *0 that each process u in contact with two 
raw surfaces 


(With this latter statement many men will 
disagree and will feel that the fourth 
lumbar should alwaj’s be included ^\^Ien 
the lumbosacral angle is at all acute this 
may be particularly pertinent —Ed J 


spinous processes to be fu ed are identified 
—for example lumbars four and fi\e and 
sacral one (Fig 275) ^\iih a broad o«te 
otome the spmous processes are cplit in a 
longitudinal 1 ne and the bases of the spi 



OSSEOUS 

nous processes on one side arc then fractured 
by lilting the osteotome Prior to fracturing 
the spinous processes the supraspinous and 
jntcr=pinous ligaments arc cut in a longi 
tudinal line to the base of the spinous 
processes A deep cleft has now been made, 
into which is placed a full thickness tibial 
graft cut to the angle and length of the 
cleft The graft is anchored in place by drill 
holes through the spinous processes and the 
graft, or more frequently, by firm apposi 
tion of the ligamentous structure with No l 
chromic catgut 

The advantages of the Albee fusion are 
the relative simplicity and brevity of the 
procedure The chief disadvantage is that 
the success or failure of the operation de 
fends upon a firm union of a single strut 
of bone to the spinous processes If the first 
sacral spine is too small, the graft must be 
imbedded m the dorsum of the sacrum 

Immobilization of the entire lumbar spine 
and preferably both thighs in a circular or 
previously made bivalved plaster jacket 
must be carried out until union of the graft 
IS solid b) X ra> , usually three to six months 

Hibbs'® Spine Fusion— Lumbosacral 
A wide exposure of the spinous processes 
laminae, and 2 >gapoph>ses (articular proc 
ess joints) is made Because of the frequent 
variations m anatomic structure of the 
zygapophyses in the lumbosacral area (lig 
54) this exposure i& often quite tedious The 
posterior capsules of the zygapophyses arc 
now carefully resected as well as the inter 
spinoub ligaments and superficial attach 
ments of the ligamenta flava With a small 
curette, No 00 or 000, or a thm small 
osteotome, the articular cartilage is removed 
from the zygapophvses of the desired ver 
Icbrae, usually lumbosacral, or Uimbirs four 
and five and lumbosacral With a one 
quarter or three eighths inch g 0 Uf,e (Fig 
276) the superior and inferior borders of 
the laminae are split off and the bone frag 
ments are incompletely fractured at their 
bases and overlapped with the fragments of 
the contiguous laminae W ilh a bonc-cutting 
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forceps the spinous processes arc now cut 
htjnzontallyattheir bases and shifted down 
x'ard so that each cpinous process contacts 
the raw bases of two proccs'c® Tlie wound 
IS now closed m layers [If troublesome 



Fig 277 Spinal fusion operation — 
Jlackcnzie-rorbes Exposure was ob 
tamed by ■subperiosteal reflection of 
erector ^pinae muscles from ■'pinous 
processes and laminae, and resection of 
inlcrpmous ligaments A ^lightly con 
vex raw bone bed i» made by frag 
menting external cortices of hminae 
including spinous proces'es, with a 
gouge Uotled line represents position 
where an autogenous osteoperiosteal or 
massive graft is placed it desired 

abd even serious, oozing and bleeding dur 
>ng this operation are to be avoided the 
exposure must be completely and mctjcu 
louslj subperiosteal — Ld | 

Various mrxhficaUons of the Ilibbs opera 
libn are used The most common of these 
modifications fs the addition of one of the 
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several types of free bone grafts Also free 
bone chips are sometimes placed in the 
denuded articular process joints 
PostoperaUvel> the patient maj be placed 
in a pre\iousl> prepared bnaUed plaster 
spica or after n period of ten daj's on a firm 
bed a jacket maj be made Immediate com 
plete immobilization is not necessarj After 
eight to ten weeks the patient may be 
allowed out of bed in a body jacket or a 
well fitting steel low back brace Some, in 
eluding the author prefer to keep the 
lumbosacral «pine immobilized in bed for 
at least three months or until x rajs show 
fusion to have occurred 
Pseudarthro es occur m an appreciable 
number of cases— a larger percentage if 
more than one joint is fused and if loo earl) 
activity IS allowed fit is possible that 
failure to include the thighs at least in the 
early weeks in the immobilizing jacket ma> 
be a factor in causing pseudarthro«is after 
low spine fusion since hip movements in 
the supine position in bed may be accom 
panied b> lumbar spine movements —Ed J 
Mackenzie Forbes*^ Fusion Mackenzie 
Forbes modified the Hibbs operation be 
cause of the difficulty and extra time 
required for exposure and treatment of the 
z) gapopb) ses 

The exposure of the desired vertebrae is 
obtained in the usual manner but extended 
laterally only to the zygapophyses (Fig 
277) After excising the inierspinous liga 
ments with a one-quarter or three-eighths 
inch gouge the laminae are fragmented 
through their dorsal cortices The spinous 
processes are now split into numerous frag 
ments Correctly done a large uniform bone 
bed is now obtained with multitudinous 
interlocking and touching bone fragments 
This operation is frequently modified by 
the addition of osteoperiosteal or laminated 
full thickness grafts This procedure for 
lumbosacral spine fusion is preferred by the 
author and in his experience as well as that 
of many other orthopedic surgeons has 
proved to be the ideal procedure 


The postoperative care is the same as in 
the Hibbs operation 

Ghormley”’* Operation This operation 
was developed so that its effect might be 
threefold when indicated In addition to 
accomplishing a lumbosacral fusion a fa 
cetectomy to enlarge the foramen about the 
fifth lumbar root and a sacro-ihac fusion 
may be done 

An incision about sit inches long is made 
from the fourth lumbar spinous process 
dovxnward to the lumbosacral area and then 
carried laterally and downward to about 
one inch below and one inch beyond the 
posterior supenor iliac spine The laminae 
of the fourth and fifth lumbar vertebrae the 
lumbosacral articular facets and the «u 
perior surface of the sacrum are etpo^ed 
subperiosteally The triicular facets are re 
moved with a rongeur sufficiently to espo«e 
the fourth or fifth or both nerve tools as 
indicated The dorsal cortex of the fourth 
and ffth lumbar laminae and the superior 
surface of the sacrum are elevated with an 
osteotome By retraction of the skm wound 
the superior posterior ihae spine and neigh 
boring iliac crest are exposed The gluteal 
attachments to the crest are reflected down 
to the superior border of the sacro-iliac 
notch \\ ith an osteotome the bare iliac lu 
berosity is exosed and inserted as a free 
graft on the denuded laminae of the fourth 
and fifth lumbar vertebrae and tbe superior 
surface of the sacrum A Smith Petersen 
sacro-iliac arthrodesis is done (See descrip- 
tion lh)3 chapter > The wound is now closed 
in anatomic layers Through a transverse 
incision a bilateral facetectomy and sacro- 
iliac fusion may be done 

Postoperative treatment is carried out as 
in other spme-fusion operations 

This operation is indicated especially 
when there are hypertrophic bone changes 
from arthritis or trauma narrowing the 
foramen of the fifth lumbar root and when 
there are associated sacro iliac signs 

Tri sacral Fusion of Chandler ” In 
some instances infrequently in the authors 
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experience, simultaneous fusion of both 
sacro-iinc joints and of the lumbosacral 
joint IS desired The real indication for this 
procedure is a combined mechanical msta 
bility of these joints Howc\er, the operation 
is used on some occasions when the exact 
source of the disability in the low back can 
not be determined 

An incision is made from just below and 
lateral to one posterior superior iliac spine 
and cursed dovmward and then upward to 
a similar site in relation to the other iliac 
spine After reflecting the skin flap a Hibbs 
t\pe of fusion is done on the fourth and 
fifth lumbar and lumbosacral joints, includ 
ing a bone denudation to below the second 
sacnl spine The midline incision is tempo 
ranly closed The skm incision is now re 
traded to expose one iliac tuberosity An 
incision IS made along the crest to the bone 
With a broad osteotome the outer table of 
the ilium with the gluteal origins intact, is 
reflected laterally by incompletely fracturing 
the bone The denuded internal half of the 
iliac tuberosit> is resected as a free graft to 
be placed in the lumbosacral wound The 
dorsal aspect of the sacro-ihac joint is ex 
posed and the articular cartilage is partially 
removed with a curette Bone chips removed 
from the ilium are packed into the sacro 
iliac joint The outer table of the ilium is 
now swung down o\er the «acro iliac joint 
and the denuded bone surface bridges the 
sacro iliac joint and contacts the denuderl 
sacrum in this area A similar procedure is 
carried out on the other sacro iliac joint 
The wound is closed in anatomic layers 
[For further descriptions of technic in 
lumbosacral fusions see Chapters 7 and 14 
-Ed] 

Sacro iliac Fusions Smith Petersen =» 

With the patient prone and the operative 
side of the pelvis raided moderate!) by a 
small sandbag or folded sheet, an incision 
is made along the posterior iwo-thirds of 
the iliac crest to the posterior superior iliac 
epme and then extended toward tbe greater 
trochanter for a distance of two or three 


inches The incision la then deepened to the 
ilium, and the fibers of the gluteus maximus 
are separated m the line of the lower arm 
of the incision After detaching the tcndi 
nous origins of the gluteus from the iliac 
crest, the periosteum is reflected from the 
outer aspect of the ilium with a periosteal 
elevator to the anterior (middle) gluteal 
line of the ilium The sacro«^iatic notch is 
exposed taking care not to injure the sii 
perior gluteal artery and nerve 
The posterior sacro iliac ligaments are 
now stripped from the area between the 
superior and inferior iliac spines A rec 
tangular window (Fig 278) is outlined m 
the ilium, about one b) one and one half 
inches, about one half inch above the sacro 
sciatic notch The lower margin of the win 
dow should rough!) parallel the inferior 
border of the ilium just lateral to the sacro 
sciatic notch The medial border of the 
window may extend to wiihm one half inch 
of the mesial border of the ilium or pref 
erably, include this mesial margin With a 
thin osteotome the window is cut through 
the entire thickness of the ilium until the 
sacro iliac joint is encountered This site 
ma) usually be recognized by the change 
m pilch or sound and sensation of the 
mallet sinking the osteotome If the win 
dow includes the mesial border of the ilium 
It maj be lifted out with relative ease b) 
leverage of a narrow osteotome inserted 
from tbe midline The arlicuhr surface of 
the sacrum and the underlying bone to a 
depth of from one eighth to one-fourth inch 
IS now excised smoolhl) with a narrow 
curved osteotome— not a gouge After ex 
cismg the articular surface from the under 
side of the ibac plug tbe graft is now fitted 
back in the window, and with an impacter 
IS gentl), but firml), driven across the joint 
line into the «acrum (Fig 278) In order 
to insure the position of the plug or graft, 
the margins of the window are turned in 
over the plug with an osteotome Thewound 
is now closed in anatomic lajcrs 
The postoperative treatment is confined 
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incision IS made along the posterior third 
or half of the iliac creat do\\n to the pos 
tenor inferior iliac spine The tendinous and 
ligamentous structures are now severed in 
the line of the skin incision Subperiosteal 
reflection of the gluteal muscles and the 
sacrospinahs muscles is done so that the 
tuberositj and posterior third of the ihac 
crest IS completely denuded of soft tissue 
With an osteotome a graft is removed ex 
tending from the posterior inferior iliac 
spine upuard for a distance of about three 
inches A gutter is made over the sacro iliac 
joint b> excising the mesial osseous oxer 
hang of the iliac crest and the dorsum of the 
'lacrum If desired, at this stage the pos 
tenor capsule of the sacro ihac joint may 
he opened, or it may be left intact The iliac 
graft IS now carefully fitted into the gutter, 
surrounded by additional bone chips taken 
from the ilium, and the grafts are tamped 
into place with an impacter The soft tissues 
are approximated in anatomic layers 

I’ostoperatively the patient is either 
placed in a previously prepared bivalved 
double plaster spica extending to the knees, 
or after a ten day period on a firm bed a 
circular double spica is made As immediate 
fixation of the joint is not accomplished by 
this operation, recumbency with plaster 
fixation should be continued for at least 
eight weeks A well fitting steel reinforced 
low back brace or corset is then applied 
and the patient is allowed up 

Gxfnslen Sxcbo iliac Fusion Tlic in 
dicalions for this operation, in the authors 
opinion, are few, inasmuch as it is an intra 
articular procedure without immediate fixa 
tion, sucli as is accomplished in the Smith 
Petersen operation, and, likewise, it does 
not ha\c the advantages of the extra arlicu 
hr fusion of Campbell However, it is pro 
ferred b> some because if desired the entire 
articular surfaces of the sacro-iliac joint 
maj be exased 

A curved incision is made over the pos 
tenor third of the ihac crest The bgamcn 
tous ami tendinous tissues are incited to 
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the underlying crest uh a wide osteotome 
the outer table of the crest is refleaed 
laterally with its muscles intact The «acr 
iliac joint IS non outhnerl on the 'ur/ace of 
the inner table of the ilium b> a triangle 
The iliac portion of the joint i-. excised in 
fragments from which the articular siirfa es 
are removed \\ iih a small gouge or curetit. 
the sacral articular surface is exceed to a 
depth of one fourth inch or more into the 
body of the sacrum The iliac bone frag 
menis are now replaced in the fnanguhr 
hole and tamped firmly Finally the reflected 
outer table of the ihum is swung back and 
the wound is closed 

The postoperative treatment is the same 
as in tlie Campbell sacro ihac fusion opera 
tion (For further descriptions of technic m 
satfo iliac fusions see Chapters 14 and IS 
-EdJ 

Excision of the Sacralized Fifth Lum 
bar Transverse Process Infrequently a 
congenitally large fifth lumbar transverse 
proce>s (Fig 34) not only articulates with 
the sacrum but may impinge on the inner 
surface of the ilium Traumatic arthritic 
changes may develop in cither or both of 
these sites and be the cause of low back 
pain However, sacralized transverse proc 
esses are not rare, and are usually not synip 
tom producing 

When indicated, the offending process 
may be excised by one of two approaches 
Through a midlme exposure of the lamina 
by careful lateral dissection, the base of 
the transverse process may be identified and 
then resection is done A second approach 
IS through an incision along the posterior 
ihac crest, denuding the posterior superior 
ihac spine and exastng the spine Then by 
mesial subperiosteal reflection of the «acro- 
spmalis insertions from the sacrum, the 
transverse process may be identified As 
there are 'mvcral nerves lying immediately 
anterior to the transverse process, con 
siderahle care must be exercised in the ex 
CJMon {This proceilurc sounds relatively 
easier and simpler than a lumbosacral 
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fusion I believe that most men will stron^> 
agree that this is not the case in most in 
stances Not onlj is the technical procedure 
more difficult than it sound but the fourth 
and fifth roots he direcll} against the proc 



Fic 279 Laminectomy for eslradural 
removal of a protruded intervertebral 
disk Exact level of offend ng di«k frag 
ment is determined by neurologic exami 
nation and lipiodol or air ni>eIogr3phic 
studies Spinous processes and laminae 
of the two V ertebrae are exposed by sub 
periosteal reflection of erector spinae 
muscles Spinous processes are resected 
with a rongeur after freeing 1 gamentum 
an mxa tA ’ramniet i' 
removed to allow exploration of the 
nerve root removal of the protruded 
disk fragment or a hypertrophied liga 
meatum flavum In illustration dura is 
shown retracted to left retractor not 
shown Disk fragment (1) is seen above 
and beneath posterior nene root (2) 

ess anteriorly are easilj damaged and 
even when handled gently and with arcum 
spection, may give rise to some postopera 
tive causalgia which is anything but pleas 
ant It would appear to be the consensus 
that a lumbosacral fusion is preferable to 
excision of the process in these cases — Ed J 


Not infrequently there are other anom 
alies of the lumbosacral area associated with 
sacralized fifth lumbar transverse processes 
\ fu«ion of the lumbosacral joint will not 
only stop motion in the anomalous articula 
tions of the transverse process, but will 
likewise, control i secondary lesion of the 
lumbosacral joint Finally, a lumbosacral 
fusion operation is le«s hazardous and less 
difiicult than an excision of i sacralized 
transverse process 

Laminectomy for Low back Pam Ihe 
indications for laminectomy in the presence 
of low back pain with or without sciatic 
pain, are the definite signs of nerve root 
pressure not relieved by conservative means 
inctudtttg the trial of a body jacket mam 
laming the lumbar spine in the position of 
moderate flexion («ee Plaster Jackets p 
290 and Fig 271) 

Unilateral Lasiinectomv \\ithtbepa 
lient m the prone position the third fourth 
and fifth lumbar spinous processes and 
laminae are exposed as in doing a fusion 
operation In addition it is desirable to 
expose the zygapophyses The fourth and 
fifth spinous proces'es are now excised with 
a bone cutting forceps If the lesion be a 
protruded intervertebral disk, as indicated 
at a definite site by lipiodal or air studies 
the Iigamentum flavnim on the affected side 
IS freed from its superior and inferior 
laminal attachments with a staphylorraphy 
With a smaff angulated double-action 
rongeur the inferior half of the upper lamina 
and the superior half of the lower lamina 
are excised to the articular processes but 
carefully preserving the continuity of the«e 
processes (Fig 279) {Small bites should 
be taken with the rongeur, and it should 
be carefully placed for each bite, as it is 
not too difficult to injure the dura at this 
stage— Ed ) The freed Iigamentum flavum 
IS now grasped, severed near the midline 
retracted dorsally and resected as far as 
ptBsible from under the articular proce««es 
Hy’pertrophy or variation from the normal 
pale yellow color is noted By gentle mesial 
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retractjon of the dura the fourth or fifth 
lumbar root must now be identified If the 
nerve root has been the site of compression 
It ma> appear congested and swollen, or 
even flattened or indented at one point 
The hleral attachment of the Jigamentuni 
flavum to the articular process is now com 
plelel) resected By continued mesial re 
Inction of the dura, and upward and then 
downward circumspect retraction of the 
nerve root, a protruded intervertebral disk 
fragment maj be identified as a rounded 
protubennee Moderate oozing may be en 
countered at this stage of the exploration, 
and if it IS not controlled by saline irriga 
tjon and aspintion, firm pressure with a 
cotton pledget will visually suffice If a pro 
luberance is found it is grasped with a 
hemostat and with gentle traction it is lifted 
out from the intervertebral area With a 
hemostat the resulting cavity is gently ex 
plored for an additional annulus fibrosus 
fragment To release the Iipiodal the head 
of the table is raised about six to 12 inches 
and between silk sutures the dura is in 
cised After the lipiodal has escaped, the 
dura IS approximated with silk sutures and 
tlie wound ts closed in layers [This is 
really a partial hemilaminectomy of the 
adjacent margins of the two laminae Re 
moval of the whole lamina in this condition 
has been generallj di«icardcd Manj men 
find It unnecessary to remove the spinous 
processes —Ed 1 

BaATER-vi. LASirNTCTOviv This approach 
jields a better exposure, is preferred by 
many surgeons, and is definitelj indicated 
when a centrally protruded disk is sus 
pected or found, and when no protrusion is 
found by the smaller exposure 

[In the minds of many, a bilateral partial 
hemilimineclomy without rcmov'al of the 
spines is preferable —Ed 1 

\fter excising the fourth and fifth spinous 
processes, at the desired level, the ligamenla 
flava are detached from the upper and lower 
surfaces of the lamina Mitb the curved 
rongeur both sides of the laminae are re 


sected to the articular proce«ses The liga 
mentum flavum is cut m the midlme and 
the halves ate tt'ccled The dura is now 
opened between staj suture? The caudal 
filaments are gently retracted and the pro 
tnided disk fragment is ideiitifie<] under 
the anterior dural wall When and if uicn 
tifled, the anterior dural wall is incised and 
the disk fragment or fragments are gentli 
pulled out The dura is closed and the 
Wound IS closed [Meticulous care against 
bleeding into the dural canal is indicated 
as blood retained therein is apt to produce 
postoperative causalgia Silver clips are u?ed 
m place of ligatures The dura closure should 
be with fine silk —Ed ] 

The postoperative treatment must include 
the usual precautions taken m the presence 
of temporary neurologic disturbances con 
sequent to spinal canal surger> If con 
valescence is uneventful recumbency is in 
dicaled for a period of from 2 to 4 weeks 
depending upon extent of surgery When 
allowed up the patient wears a Williams 
l>pe back brace for 2 to 4 months 
Occasionally it is necessary to sacrifice a 
>ygapoph>sis or articular process in order 
to complete the exploration or removal of 
the disk fragment Likewise, prior to opera 
tion, a mechanical instability of the lumbo 
Sacral area may have been noted Under 
either of these circumstances, at the lime of 
laminectomy a fusion procedure with the 
Use of a bone graft is indicated 

{The technic of lammectom} is here in 
eluded because the surgery of lesions of the 
disks and the nucleus pulposus deals with 
a pathologic process in the spine Neurologic 
structures are not involved except by pres 
Sure exerted b> the pathologic spinal con 
dition At the same time U should be noted 
that the handling of the dura and the roots 
must be meticulously gentle, and that 
hemtBtx?i3 by clip» bone wax the u<e of 
muscle tabs and the emplojmeni of moist 
half inch strips of packing in conjunction 
with a small «izcd sucker m the wound is 
essential — Ed ] 
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Afiections of Muscles, Fasciae, and 
Tendons (Except Tumors and Trauma) 

Gla\ Ra\ Murray, M D 


MYOSITIS (MYOFIBROSITIS 
riBROSITIS, MYOFASCITIS) 

Under this term are to be raduded a 
number ot conditions characterized by sub 
lective pain tenderness, and stifiness in vat 
lous muscles and objectively by localized 
areas ot acute deep tenderness associated 
with palpable localized nodular indurations 
and with spasm of the affected muscles not 
directlj associated avith trauma 
In the nech region this results in the so 
catted stiff or wrjneck affecting principally 
the trapezius and less often the sternocleido 
mastoid muscles Here it must be differen 
tinted from true torticollis in children (see 
p 313) as well as from spasm associated 
with tender and painful lymphadenitis ot 
the cettical nodes and other conditions re 
suiting m simple protective muscle spasm 
In the back region the posterior scapular 
muscles the paraspinal group or the lum 
bar muscles (lumbago) may be intolted In 
the lower catremity the glutei the thigh 
Pcaor knee eatensor group, the hamstrings 
or the calf muscles maj be affected and m 
the upper catrcmity the biceps am e 
wrist and finger catensor group arc wme- 
times intolted In the catrcmities this is 
frcquentlj referred to as charlejliome or 
luu cuhr rhcumiti«m 

The diagnosis is made entirelt too fre 
quentit, and is applied to the painful mus 


cle spasm which accompanies and oltcn 
masks fat more serious iindctljing condi 
tions Before this diagnosis is made one 
should be certain that this is not the cast 
Postural delects habitual strains bone and 
joint disease and tumors bursal affections 
and similar conditions are frequently mi sed 
by the superficial eramination which resul s 
in the diagnosis of myositis or neuritis The 
diagnosis of myositis should not be made 
unless definite localized areas of acute deep 
tenderness with induration can be demon 

** The* painful and tender indurated areas 
arc said to show congestion edema and 
round-cell infiltration 

Treatment 

1 Heat This can be used in the form of 
(a) radiant heat (b) diathermy, or (c) wet 

“ClhTlInar This can be employed by 

the use of the so-called therapeutic or heal 

Hmror'ta 'T ’^"Vheai or 

error is to u-e loo high a degree of heat for 
too short a time Moderale f 

used an hour or more at a time ar 
effcctite in securing what is 
B muscular and vascular relacat.ou The 
electric pad or hot water liagv can he used 
tf^rolong the effect between radiant hcM 
treatments, and should aim be used at mod 


308 AFFECTIONS OF MUSCLES FASCIAE AND TENDONS 


erate temperatures Overuse of heat in re 
fractor) cases of this tjpe is common 
resulting m mottling and pigmentation of 
the skin 

DiATnER\i\ Long or short wave d a 
♦hermy can be used The latter is more 
popular at the moment Diathermy diould 
be regarded definitely as a form of heat ap 
plication the heat being generated in the 
muscle tissue and not as a form of elec 
trical treatment As a form of heat gener 
ated in muscle it has definite harmful 
potentialities It isverj frequently used too 
intensively and ver> frequentlj does mote 
harm than good when so used The cnlenon 
for milliamperagc is frequentl> the patients 
appreciation of a sense of heat in the treated 
part This is hasicallj unsound The purpose 
of treatment is not to make (he affected 
part feel hot but to rel eve pain and spasm 
and the criterion should be the loj>est mtU$ 
amperage nhich will give Ibe patient relief 
of bis pain and tightness It tt not at all 
necessary lor the patient to feel heat in the 
part In general milliamperage should never 
be above SOO and usuallj the desired effect 
may be secured with ISO to 2S0 if the treat 
ment is continued for 30 minutes to an hour 
Prolonging the time of treatment at 250 
milhamperes is much sounder therap> than 
increasing the milliamperage (See discus- 
sion of phjsical therap} lO fracture treat 
ment Chapter 22 ) 

Wet Heat This is best used m the form 
of comfortablj hot wet compresses well 
wrung out and replaced as soon as they 
begin to cool The idea is to maintain a 
continuous and even degree of moist heat 
Short intensive treatments are not indicated 
Bath towels and large wash cloths are ideal 
for this purpose Thirty minutes to an hour 
should comprise a treatment period 

2 Static Brush This will often help to 
relieve pam and spasm If it increases these 
symptoms as sometimes it seems to it is 
probably being used too intensively for the 
mdiv dual case The tendency to overmten 
sively treat is common with this medium 


3 Massage Following the use of heat or 
static brush as described above progres 
sively deep kneading massage to the tender 
and indurated areas may be used The sue 
cess of many athletic trainers in the treat 
ment of charlej horse is dependent upon the 
skillful carrying out of this form of treat 
ment Results are frequentl} attributed to 
the use of the rubbing solution emplojed 
as an adjuvant just as the success of prop- 
erly used wet heat is frequently credited to 
the solution used m the compresses 

The secret of successful massage in these 
cases IS gradually increasing depth and 
pressure concentrating on the localized 
areas of tenderness ultimately using the 
thumbs and the heels of the hands This 
obviously lakes time Superficial massage of 
the so-called sedative tjqie useful m pure 
muscle «pasm does not produce results in 
these cases Immediate deep kneading cer 
taml> does not produce relief from pain 
tenderness and spasm A skillful masseur 
should secure definite rel ef from pain ten 
derness and spasm bj the end of a treat 
ment if massage is to do the patient any 
good 

4 Local Anesthesia Inpii,tratios 
AfETiioD Five to 20 cc of an 0 5 per cent 
or a 1 per cent novocaine solution is slowly 
injected into each localized lender and in 
duraled area until the tenderness d ^appears 
A deep kneading ma'isage followed bj a 
period of activ e exerase should follow The 
mere injection ol the anesthetic is much less 
apt to ^ effective Other local anesthetics 
some of which have more prolonged effect 
than novocaine ma> be used The value of 
the local anesthesia lies parth m its relief 
of pam and spasm but largely in allowing 
vigorous massage and vigorous active mo- 
tion It may be repented several times at 
daily or longer intervals If sjmptoms keep 
recurring after a few injections with follow 
ing massage and exercise or if massage and 
exercise are prevented by pam despite the 
injection some cause for symptoms other 
than so called mjositis should be «ought 
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The use of }ocal anesthesia as a direct 
curative agent is in general, overdone, and 
us value as a means of securing adequate 
deep massage followed by active exercise is 
in general too much neglected 
Surface Anesthesia The spra> mg of the 
skin over the areas of tenderness and m 
duration with ethyl chloride will frequently 
result in sufficient alleviation of muscle 
spasm and local tenderness to allow of ade 
quate massage and active exerase in the 
absence of actual underlying disease A 
great de il has been said and written about 
the mechanism whereby this effect is se 
cured Whether it be through psyrJiic in 
fluences or throuoh a reflex arc mechanism 
IS here be'^ule the point It is however, an 
empirical fact that the effect can be se 
cured It is also a fact that the mere tempo 
nry elimination or diminution of pain and 
tenderness is not the desideratum of the 
procedure It is mere)} a means nhereb> 
adequate deep massage and active exercise 
of the involved muscles may be secured 
The spray should be used short of fteering 
the skm, and the skin should be protected 
beforehand by the application of an oily 
solution— ordmarj camphorated oil is very 
salisfactor) The areas of tenderness are 
mapped out and marked Each area is alter 
natel> spra>ed and palpated until the ten 
dcrncss is gone The palpation is made 
progressively firmer until it becomes a deep 
kneading finger massage and should be ac 
companied bj intervals of progressneactive 
cxcrci-^e by the patient as and if the pain 
and spasm diminish \s one tender area is 
relieved bj the treatment others mav be 
come apparent, and must be sou^,hl for and 
simdarii treated (See local anesthesia in 
the treatment of sprains Chapter 41 ) 

If gradual deep massage and aciiv e motion 
are not made po sible by careful carrying 
out of this procedure, it should be aban 
doned and some cause for sjaiiptoms other 
than mere m>ositis should lie looked for 
Freezing of the skin must be mcticulouslj 
avoided m using the spraj 


■Hie procedure cannot be earned out rap- 
idlj A treatment will take an hour or more 
and the active cooperation of the patient is 
obviously essential 

The relief of pain and spasm bj all of 
these procedures is pnnnnlv to allow of 
active exercise and massage of the affected 
muscle or muscles with resultant increase 
in circulator) efficiency Unless this is kept 
in mind and made the primary purpose of 
treatment, the procedures outlined will give 
temporary relief only and the sjmptoms 
will promptly recur The patient should be 
made to understand this thorough!) 

For symptomatic relief aspirin in doses 
up to 15 grams at three or four hour m 
tervals, or, m particularly severe cises com 
binedwith codeine phosphate in small doses 
IS helpful although not curative 

SIYOSITIS OSSIFICANS 

Of the two forms of this disease the pro 
gressive generalized type is not amenable to 
any form of treatment 

For the localized form which follows 
direct trauma to muscle or complicates cer 
tain fractures see Chapter 22 

SNAPPING HIP 

When either the anno>ance of the con 
slant snapping on flexion adduction, or 
internal rotation or the associated pain fur 
nishes the indication the following pro 
cedures are indicated 

1 Simple division of the tight and thick 
ened fasaal edge, usuall) the posterior 
border of the sheath of tensor fasciae 
fcmoris or the anterior upper border of 
gluteus maximus insertion into the greater 
tubcrosit) This sbouldlie followed bj earl) 
active mobilization 

2 Incision of the posterior portion of the 
iliotibial band and transference forward to 
the anterior thigh fa>cia after freeing the 
loner end of the tensor fasciae fcmoris 

Except m severe cases the former pro- 
cedure usuall) suffices 

Local ancsihc«ia is to be preferred, since 
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the patient can demonstrate the snapping 
and the offending edge can readily be recog 
nized 

The incision runs along the posterior bor 
der of the tensor fa<ciae femons and the 
posterior border of the greater trochanter 

If the superior border of the gluteua 
maximus insertion is found to be the of 
fender it can be sutured directly to the 
greater trochanter edge up to the point 
i\here it no longer «naps back and forth on 
movement (Jones) 

Procedure I abo\e can be \aried bj 
transverse section of the fa«cial band at the 
lower level of the greater trochanter ds 
traction of the edges for one half to one inch 
relieving the tension and suture of the dis 
tracted edges to the greater trochanter to 
prevent reunion and contracture with re 
currence of tension (Majer) 

All procedures should be followed by as 
ear]> mobilization as is consistent with 
wound healing 

Diflerentiation must be made from condi 
tions produung sensation of dick or snap 
but due to mtra articular disturbances in 
the joint 

Occasionally coinadent resection of a 
trochanteric bursa inflamed or irritated by 
the snapping back and forth of the tight 
band must be earned out 

The condition usually requires operation 
only when bursitis induces pain or when 
the patient is upset through pamlns but 
persistent snapping 

SNAPPING SHOULDER 

This maj be caused by one of the follow 
ing conditions 

1 The fibers of the short head of the 
biceps as thej pass to the coracoid process 
snapping over the lesser tuberosit} in ab 
ducUon and external rotation This rs a 
congenital anomaly 

2 Subluxation of the biceps tendon from 
its groove during rotations or m abduction 
particularly in external rotation 

3 Snapping of the taut edge of the 


coraco acromial or coracohumeral ligaments 
over the edge of the humeral tuberosities in 
external rotation and abduction 

The symptomatology is that of a palpable 
or audible snap with or without pain The 
indications for treatment are pain or the 
annoyance caused bv the constant ^napping 

The treatment is surgical and consists in 
eliminating the mechanism In groups 1 and 
2 above the taut edge of the muscle tendon 
or ligament is incised In the second group 
the biceps tendon can be anchored m its 
groove by roughing up the under surface 
of the tendon and the bed of the bicipital 
groove and fastening the tendon to the mar 
gins of the groove by two or three silk 
sutures The institution of active motion in 
the latter case should be gradual a sling 
and swathe being u cd postoperativcly Tull 
active motion should not be allowed for six 
weeks 

The«e cases if operated on should be 
done under local anesthesia so that the 
offending mechanism can be recognized at 
operation as the patient goes through the 
motion which cau.es the snap This is the 
only way to positivelv identify the mecha 
msm involved 

All such cases should be x rayed before 
operation since occasiomllv an cxo'tosis or 
bony growth or prommence may be re- 
vealed which la a component part of the 
mechanism Such x ravs “hould be taken in 
both intern’ll and external rotation of the 
shoulder 

SNAPPING JAW 

This condition results from displacement 
or tear of the mtra-articular meniscus of 
the temporomandibular joint It is fre 
quently bilateral When painful, or «uffi 
cientlj bother'some the meni'cus should be 
removed Since the joint lies under the 
zygomatic proce*^ directly in front of the 
upper edge of the lobe of the ear, the ina 
sion should start at that point and extend 
forward about one and one-half inches juat 
below the inferior border of the zygoma 
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Careful minute dissection should be used to 
avoid darmgms the branches of the facial 
nerve and the nerve branches should be 
kept m mind in retraction The exposure 
of the joint and the excision are best earned 
out with the jaw opened The joint capsule 
should be opened Jongitudinalh and not 
transver«el> 

Where the condition is painful the exci 
Sion IS a wise procedure since arthritic 
changes m the joint itself may ultimately 
result m motion limitation 

SN\PPI\G ^ECK 

Occasionally a patient complains of a 
painful and palpable sometimes audible 
snap m the bick of the neck on extension 
This IS caused by friction between the ccr 
Mcal «pines The fifth and sixth ‘spines are 
the usual offenders and the treatment con 
sists m the removal of the major part of the 
upper of the offending spinous processes 
through a midlme incision 

SNAPPING KNEE 

There are five usual causes of this condi 
tion 

1 Congenital or acquired laxity of the 
1 garaents particularly the internal collat 
eral or anterior crucial ligaments In such 
ca'^es the movement can be voluntarily pro 
duced in certain positions by the patient, 
usuvlly during sudden extension and the 
tibia Snaps outward or forward on the 
femur In mfanc> this ma> be mvoluntar) 

2 Tlie biceps tendon occasionally snaps 
over the ed„e of the fibuhr head during 
movement 

3 There is occasionally an exostosis or 
osteoma of the upper end of the fibula 
which interferes with biceps tendon mobility 
and IS responsible for the «mp 

4 The ‘io called discoid type of lateral 
mcni'^cus coupled with undue mobility of 
the meniscus may be the cause 

5 A normally formed meniscus which is 
toovciy attached may be the responsible 
agent 


In infants m whom the involuntary snap 
occurs firm bandage «upport--or in extreme 
cases the u«e of a supporting brace is the 
treatment indicated The latter treatment 
IS rarely necessarv and surgerv is never 
indicated 

In the adults m vrliom the internal co! 
lateral ligament is relaxed resulting in an 
outward snap whether the relaxation I e 
congenital the result of repeated strain or 
of a single severe injury reefing or other 
repair of the ligament is indicated (See 
Chapter 38 ) W hen the forward jump of the 
tibia occurs it is usually due to antem r 
crucial relaxation and instahihty aliowan^ 
the forward displacement of the tibia on ihc 
femur m the right angle ilexed knee la 
demonstrable In such cases anterior crucial 
repair is done (See Chapter 3S ) This is 
probably the only indication for repair of 
that ligament 

Where slipping biceps tendon is the re 
sponsible agent the curative operation con 
sists m fastening the biceps tendon to the 
fibular head at or just above the point where 
the slipping can be demonstrated 

An exostosis on the upper fibula calls of 
course for removal It is to be remembered 
that all exostoses or osteomas should be 
removed together with the underlying cor 
lex and not flush with the cortical surface 
as otlierwise they may recur 

WTten the condition is due to a loose or 
discoid cartilage giving signs of a meniscus 
disturbance arthrotomy and removal of the 
offending meniscus is indicated (See Chap- 
ter 38 ) 

The frozen shoulder, also known as 
periarthritis about the shoulder, adhesions 
about the shoulder, and often confused with 
bursitis is discussed in connection with 
shoulder girdle injuries m Chapters 15 
and 29 

The contracture of the gluteal fi'cia and 
of the fascia lata and tensor fasaa femoris 
associated with ihesvmptomatology of low 
back pam and sciatica and pynformis con 
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tracture with the same significance, are dis 
cussed in Chapter 9 

In addition to the tendon tumors which 
maj occur there are tendon degenerations 
independent of trauma which may occur in 
various tendons quite similar to those seen 
in the tendons of the musculotendinous cu0 
in the shoulder <o interestinglj described b> 
Codman and others Thej maj be associated 
with soft calcific deposits under tension, and 
may be quite painful The> occur near or 
at the insertion of the tendon Calcification 
maj not be present If not cared for, the 
weakened tendon insertion maj rupture 
with little \iolence or without violence other 
than normal muscle action These have been 
seen and noted with and without rupture 
m many tendon insertions including the 
tibialis anticus and posticus the flexor 
carpi radialis and flexor carpi ulnans the 
Achilles tendon the radial and ulnar carpal 
extensors the subscapuhris tendon and the 
triceps tendon They occur almost mvari 
ablj in people o%er 4S 

Since the calcium deposit if present, i> 
merely an incident «econdarj to degenera 
live change these lesions are best treated 
b> surgical exploration removal of the cal 
cium deposit if present and removal of 
degenerated tendon areas with repair of the 
resultant deficit The repair of the tendon 
is much easier before rupture than sub^e 
quent to rupture Prolonged conservative 
treatment of such painful tendon insertions 
is not indicated If prompt response to con 
servaVive measures is not evident the sux 
gical procedure indicated above should be 
resorted to 

In the Achilles tendon in individuals 
over 45 one occasionally sees extensive de 
generation sometimes with bleeding into the 
tendon resulting in a painful and tender 
tendon which is characterized by palpable 
and often visible lumpy thickenings \ rajs 
are negative except for visible knobbiness of 
the tendon if the soft part shadows are well 
shown These tendons are quite prone to 
rupture without known trauma \Mien seen 


in the stage dc'Cnbed above conservative 
therapy is not so well advo«ed as is surgical 
exasion of the degenerated areas with plas 
tic repair of the tendon utilizing if neces- 
sary fascia lata to reinforce tlie repair 
For methods of tendon repair and suture 
see Chapter 42 

Tendon contractures maj require tendon 
lengthening procedures Their technic is de 
scribed in Chapter 42 
Stenosing tenosynovitis of tendon sheaths 
occurs almost exclusively in the fingers of 
the hand, except for that variety described 
by Quervain involving the common exten 
sor sheath of the extensor longus pollias 
and extensor brevis pollicis as they cross 
over the post ero-extemal aspect of the lower 
end of the radius beneath the dorsal liga 
ment While in some instances a specific 
trauma may be provable in most cases the 
etiology IS either not known or not definite 
In the fingers it results in the loolled 
trigger finger or trigger thumb The ring 
and the middle fingers are most often in 
volved There may be pain or stiffness asso- 
ciated with the characteristic trigger mecha 
nism— a block in flexion, followed by sudden 
release and extension The obstruction is 
usually at the metacarpophalangeal joint 
level, but may occasionally occur at the 
level of the interphalangeal joints Occa 
sionally the block and sudden release occur 
during both flexion and extension 
The treatment is simple and effective It 
consists in exposing and incising longitudi 
Daily the flexor tendon sheath at the point 
of constriction or obstruction Occasionally 
the block is cautied by thickening of the 
tendon rather than b% constriction of the 
«heath but the procedure m either ca«e is 
the same If the line of skin inosion crosses 
the joint crease, it is well to remember that 
It should do so transversely 
In the type described bv Quervain at the 
wrist «ome difficulty and discomfort m 
thumb abduction tiome swelling and point 
tenderness over the radnl «tjloid and pain 
at that point on ulnar deviation of the hand 
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ire characteristic Longitudinal splitting of 
he thickened tendon sheath gives complete 
relief 

SLIPPING PERONEAL TENDON^ 

This ma> occur in poliomyelitis with a 
calcaneus deformitj, but is of no special 
significance here It may occur as the result 
of acute injury ’Manual replacement is usu 
ally possible followed by a thin skm fitting 
plaster boot for two or three weeks \Vhere 
the slipping IS habitual and painful causing 
disability the groove which it occupies m 
the back of the fibula maj be deepened and 
the sheath with if necessarj the aid of a 
fascial strip may be fastened in the 
deepened groove In habitual ca«es the ten 
don may be shortened, interfering with 
dorsiflexion In such cases tendon lengthen 
mg should be done (See Chapter 42 ) Three 
weeks' protection is indicated during the 
postoperative period 

A noninfectious and nonsuppurative teno 
synovitis may occasionally occur as the re- 
sult of apparently normal or over use This 
usually involves the thumb extensors the 
common finger extensors beneath the carpal 
ligament the finger flexors at the wrist and 
the peroneal tendons behind and below the 
fibula or the Achilles tendon It is usually 
associated with some swelling and lender 
ne<is, and frequently with a soft crepitus on 
motion of the affected tendon The treat 
ment is rest by splinting hot soaks and the 
use of static brush and diathermy If 
sponge to this therapv is poor and disability 
continues the case should be carefully re 
viewed for etiologic factors of a disease 
nature Mnce this type of tenosynovitis 
should respond rapidly to the therapy indi 
cated 


TORTICOLIIS (WMVrCM 
rhis condition mil be congenital or ac 
<imred The latter is b\ tar the more fre- 
eiucnt form nnd comprises roughlj SO per 
cent of all ca^is Freept for the «nn,»a 
spasmodic type which is a disease o a 


life (see below), the great majority of ac 
quired cases appear before the tenth year 
of life 

Congenital Form This may he of two 
types and it is important to make certain 
which tyTie exists before attempting treit 
ment 

The uncommon type of congenital tori 
colhs IS a primary congenital deformit 
assoaated aith other con„eninl detect 
Fusion of the atlas to the occiput or of tli 
axis to the atlas failure of segmentalio 
of the cervical vertebrae associated alth the 
KlipperFeil sjndrome anomalous cervical 
vertebrae (including hemiverlclir i) ant 
cervical ribs are frequent in this type It is 
wise therefore to evcliicte these condition 
by adequate It n> investigation m all con 
genital forms before umlertahiiig IreatmciU 
since harm can result from manipulation in 
these cases and no benefit can be gained J 
operation on the muscle without correction 
of the bony abnormality 
The common type of congenital torn 
collis without bony detect or abnormality 
if recognized in early infancy is often read 
ily amenable 10 correction by manipulation 
methodically carried out over a varying 

period of time followed by plaster relent on 
in the overcorrected posilion when and il 
overcorrection is obtained Corrective ever 
ascs are used tor a long period alter re 
moval of the plaster m order to maintain 

the correction u 

The milder cases will oltea vield to ma 
mpulation alone It is important that not 
toS much force he used m 
tions They can he earned out ''"1> 
mtieut m either a silting position or lyin„ 
Tilh the head over the end of a low bed or 
couch and resting on the hands “ 

the doctor The manipulation aims to lowly 
the alfected sternocleidomastoid 

t mtVvin safe limits nnd is earned 
UliTlq' tarmag the chin toward the affected 
side and elev ating it heading the head away 
tom the affected side and by attempting 
to approvmiatc the ear ot the sound side to 
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the region of the sternoclavicular joint 
"Moderate traction is maintained during the 
procedure It is performed slonl> Heat nnd 
massage to the affected muscles are advis 
able follouing it Daily treatment is indi 
cated and should be augmented bj acli\e 
exercises bj the patient 

In the more severe cases and in those 
ivhich fail to jield to this procedure manii>* 
ulation of the same sort under anesthesia 
with due care to proceed sloulj and uilh 
circumspection may gam complete or pir 
tial correction This is maintained by a 
plaster jacket including the head and ex 
tending to the iliac crests If only partial 
correction is obtained a further attempt at 
complete correction is made in a couple of 
ueeks and a new jacket applied \\ hen com 
plete correction is attained the plaster is 
worn for from four to eight weeks in the 
o%ercorrected position It is then remo\ed 
and a regime of daily active exercise and 
massage is instituted to maintain the cor 
rection The exercise is the active voluntary 
simulation by the patient of the movements 
of the manipulation It is extremely impor 
tant that these be continued for i long 
period as recurrence of the deformity may 
othervvi«e take place 

It IS al«o important to recognize that 
varying degrees of cervical scoliosis may 
accompany or result from the torticollis and 
to direct exerci«e and correction to thiu 

affected muscle 

Exercises or corrective appliances with 
out preceding manipulative reduction are of 
little or no value If these conservative 
measures fail the opentive treatment de 
scribed below is indicated Operation should 
not be done except in extremely severe 
cases before the child is three years old 
The early recognition of the condition and 
the institution of adequate conservative 
treatment in the early stages may fre 
quently eliminate the necessity for opera 
•ion so often unavoidable when the con 
tracture becomes well established 


Acquired Form In the acquired ca«es 
m older children adole«cent‘! and young 
adults it IS wise to make sure that no 
extraneous cause for torticollis is present 
The conditions whidi should be eliminated 
by examimtion are tuberculosis or arthritis 
of the cervical spine cervical lymphadenitis 
inflamnutorv ear conditions jolionnehtis 
and visual and ocular muscle defects The 
latter should alwavs be checked in torticollis 
cases 

\s a result of sudden twistings of the 
neck children are very subject to unilateral 
rotary forward subluxations usuallv be 
tween cervical two and three or cervical 
three and four The picture is strikingly like 
that of torticollis except that the pain and 
the spasm in the neck muscles are on the 
long side of the neck instead of on the short 
side as in true wryneck (See Chapter 26 on 
Fractures and Dislocations of the Spine ) 

Some of the milder acquired cases of not 
too long standing are subject to correction 
bv the consenative measures described for 
the congenital ones 

Operative Treatment A number of 
operations have been devised for the cor 
rection of torticollis It is probably unnec 
essary to state that subcutaneous tenotomy 
is never justified and should never be re 
sorted to An open operative division of the 
mu'cle IS indicated Lange and Putti advo- 
cated division of the upper end of the mus 
joSt\jriow the maStcnfi m'dieVnAiritiitA, 
better correction could be attained than by 
the division of the lower end since the 
muscle was often adherent to its sheath 
below The location of the scar covered bv 
hair was also considered an advantage The 
procedure is not todav advocated however 
and IS not here advised The spinal acccs 
sory nerve and the external jugular vein 
may be injured in the upper approach and 
excessive overcorrection which may be 
harmful is too easy to attain 

It IS todav conceded that adequate divi 
sion of the lower attachments is the proper 
procedure The inasion parallels the dava 
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cle from jusl to the inner side of the sternal 
altichment to ;ust to the outer side of the 
clavjcuhr attachment The fiscia and pla 
l>snn ire opened in the same line ts the 
skin incision ind the two heads of the 
muscles ire completely exposed The an 
tenor jugular vein runs anteriorly and 
medial to the sternal head and tie external 
jugular \ein runs posteriorly to the davic 
uiar head in a line extending from the 
mastoid to the middle of the clavicle The 
sheiths surrounding each head are split well 
up longitudinally and the muscle bellies are 
carefully dissected free from the sheath 
Each head is then severed close to its bony 
insertion The sheath is then severed trans 
\ersely In some cases it may have to be 
dissected free from the underlying tissues to 
which it IS adherent The division of only 
one head or of the muscles alone without 
the sheath or of the muscles and sheath 
without first dissecting the former from 
the latter are unsatisfactory procedures It 
should be remembered that the posterior 
sheath covering the outer end of the cJi 
viciilar held lies over (he internal jugular 
vein but the vein is placed deeply and 
should not be in any «erious danger if the 
procedure is cirried out as described 
Following the division of the two beads 
of the muscle and its sheath the deformity 
should be thoroughly overcorrected by ma 
mpulation, and any curv"iture of the cervi 
cal spine should be eliminated A plaster 
jacket including the head and extending 
down to the iliac crests is applied m (he 
overcorrcctcd position This is worn for 
from Six to eight weeks depending on the 
'evenly of (he case Wlien it is removed, 
the exercises previously cic'cnbed are Insli 
tuted together with manipulation and mas- 
sage The manipulation should be done daily 
and the exercises 'cveral times a day for 
several weeks at (he end of that time the 
exercises atone v\iH iisinllv be adequate It 
cannot be too strongly cmphasired that 
mere tenotomy is not a curative procedure 
Tlic ov crcorrection, the correction of spinal 


curvature (he wearing of (he coirert vt 
plaster for from six to eight weeks I ([ f 
passive and active eTcrci'c in overc r 
are essential to permanent succes J 1 e f 
cises should be kept up several ti i e 
for a minimum of sk months m ! t 
cases for as long as a year faili 
thepatients or the parents fu/l co k 
m this may result m gradual recurr r 
(he deformity 

If correction is adequate and n 
tamed the facial asvmmctry char ct r 
of this condition clears up with urpr 
rapidity and will completely dsJ{ 
the younger cases 

A muscle lengthening may be suf l i 
get adequate correction This i-. best d e 
by sectioning the clavicular head 1 c t 
Its insertion into the bone and the stern 1 
head at the point where it joins the clav c 
ular head above The muscles are dissected 
free from their sheath and the proximal 
stump of the clavicular head is sutured to 
the distal stump of the sternal head the 
proximal end of the sternal head being left 
free There seems little or no advantage in 
this procedure The value of the lengthened 
muscle over that Ireitcd liy simple division 
h debatable and the procedure lias to be 
followed by the 'ame routine as the simple 
division to assure success 

Spasmodic or Spastic Torticollis. This 
occurs in adults as dome contractions in 
volving thesternocleidomaslonl on one side 
and the posterior muscles on the opposite 
side These may be sudden and violent or 
slow and rhythmic Jl is a progressive con 
dition and responds to no treatment de 
Signed for torticollis Retentive apparatus 
or manipulation frequently intensifies the 
spasm It may lie very painful A Thomas 
Collar may sometimes help Correction of 
ocular ami v isual defects and the elimination 
of irritative lesions in the nose throat 
mouth and cars are indicated \cu\eexcr 
ases for the antagonizing muscles some 
times help In intractable cases divi*ion of 
the spinal acce>sor> at its exit from the 
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jugular foramen plus section of the roots of 
cervical one, two, and three at their entrance 
into the dura has been practiced unilaterally 
and bilaterallj It is a procedure calling for 
expert neurosurgical skill and an intimate 
knowledge of the anatomj in\olved 
BIBLIOGRAPHY 

Binnie, J F Snapping hip, Ann Surg,58S9, 
1913 

Bristow, W R A case of snapping shoulder. 
Jour Bone and Joint Surg 6 53, 1924 
Codman, E. A On stiff and painful shoulders, 
Boston Med and Surg Jour, 154 613, 1906 
Dickinson, A. M Bilateral snapping hip, 
Amer Jour Surg, 6 97, 1929 
Kappis Snapping shoulder, twenlv first report 
of progress in orthopedic surgery, p 37 


(Abst. from Arch f orthop Chir , 20 555, 
1922.) 

Mayer, Leo Snapping hip, Surg , Gynce , and 
Obslet, 29 425, 1919 

Ottendorf Treatment of snapping thumb 
fortv thud report of progress m orthopedic 
surger>, p 18. (Abst from Zentralbl f 
Chir, 57 1273 1930) 

Potter, Philip C Stenosing tcndoiaginitis at 
the radial styloid (tie Quenains disease), 
Ann Surg, 117 290 296 1943 
Snoke, P O Mjositis ossificans progrcssiia, 
Amer Jour. Surg, 21 111, 1933 
Tuttmjian, K. H and Roy Kegcrreis Myo- 
sitis ossificans progressna, Jour Bone and 
Joint Surg, 19 503, 1937 
Watson Jones, R , and R E, Roberts Calu- 
fication, decalcification and ossification, Brit 
Jour Surg, 21 461, 1933 1934 



11 


Affections of Bursae and Ganglia 


Gu^ A Caldwfli M D 


GANGLION 

The methods of treating ganglion vary 
from advising complete neglect to the most 
thorough and painstaking excision Any or 
all of the methods advocated may be quite 
rational because of the unusual character 
of the lesions 

Ganglia are benign cystic tumors usually 
multilocular occurring most often on the 
dorsum of the wrist (Tig 280) or ankle 
Other sites are the knee and volar regions 
of the fingers and (he hands (see tig 
281) The walls nbich niaj be either thm 
or thick are usually attached to either a 
joint capsule or a tendon sheath and the 
cavity IS filled with jelly like material 
These ganglia vary m size from that of a 
small pea to several centimeters m diameter 
At least half of them are practically symp 
tomless \er> few progress to the point of 
producing real disabifity, and none has be 
come malignant or resulted m serious com 
plications 

Of lho«e seen in the earl^ stages approti 
matcly half disappear spontaneously , never 
to recur Because of the few symptoms slow 
progress rare disability, absence of compli 
cations or serious sequelae and the strong 
possibility of spontaneous disappearance It 
IS most rational to advise judicious neglect 
of the early cases 

Many of these tumors are seen among 
women in the second third and fourth 
decades who object to even slight discom 


fort These patients are eager to have the 
unsightly ‘knot removed but object lo a 
scar as much as to the original lesion In 
such instances one may consider the time 
honored but crude method of breaking the 
ganglion by resting the arm on the table 
and forcibly rupturing it with a book This 
accomplishes a rupture of (he sac with dis 
pcrsion of the jelly like contents and sub- 
sequent absorption with successful results 
in about half the ca^es Keappcarance of 
the tumor may occur, however as a result 
of expansion of some of the ‘small cyst 
cavities which were not completely rup 
lured Rupture of thin walled sacs may be 
accomplished by direct pressure of the 
thumb with or without the preliminary in 
jeclion of novocaine about the sac 
Dispersion of the cyst contents and col 
lapse of the sac can be obtained by puncture 
and aspiration with needles of various ^izcs 
Before the cavilv is punctured an injection 
of novocaine 2 per cent should be given 
intradermally and subcutaneously The ol)- 
ject IS to transfix the tumor m various 
directions with a neerlle of large bore After 
it has been punctured a number of times as 
much material as possible should be aspi 
rated from the c> si cav ity, the needle should 
be withdraw n and the portion which remains 
massaged rather vigorousU m an effort 
to express It through the needle holes out 
into the subcutaneous tissues where it may 
be xbrorbed (Fig 282) Following a«pifa 
tion xnd massage of the punctured cyst the 
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Fjo 280 Dor«al carpal ganglion 
(Courlesj >Ia<on M L Sufg.Gjnfc 
andObstet 64 131) 


part should be placed on a ■splint in a posi 
tion which formerlj made the tumor most 
prominent A gauze or «ponge rubber pad 
should be put o\er the collapsed tumor and 
bandaged in place with moderate pressure 
The splint and pressure bandage should be 
emplojed for several dajs, after which the 
patient may gradually resume u e of the 
part 

After aispiration of the ganglion some men 
have injected small amounts of tincture of 
iodine 3 S percent ormetaphen intothe sac 
These chemical irritants in some instances 
have brought about a sclerosing action 
with obliteration of the cjst cavitj In the 
hands of others however, it has been found 
dangerous, because the material may be m 
jected into a joint cavit> or tendon sheath 
and produce rather severe reactions followed 
b> numerous adhesions The pain and dis- 
ability following the escape of these chemi 
cal irritants into a joint cavity are fre- 
quently serious and persist for many weeks 
It IS doubtful whether their use is ever 


Fig 281 {Left) ^olar carpal ganglion {Center and Right) Ganglia of distal 
interphalangeal joint capsule (Courtesy, "Mason L Surg , Gynec and Obstet 
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indicated If used one should be certain that 
the point of the needle is m the cyst cavity 
and has not penetrated beyond A veiy 
small amount of the chemical irritant 
should be injected and very little pressure 
made over the mass after the needle is 
v?ilhdrawn [The solutions commonly used 
for sclerosing varicose \eins have also been 
used The Editor agrees wfh the author as 
to the inadvisability of the use of this 
method of treatment —Ed ] 

\\ hen the tumor has persisted for a long 
time when it has not re'sponded to breaking 
or puncture and when pam and weakness of 
the JO nt or unsightliness ire sufficient to 
constitute a real disability operative re 
mo\il of a gang! on should be considered 
The late results following surgical removal 
indicate that the procedure ;s not uniformly 
successful Reappearance of the tumor oc 
currcd m 31 per cent of the cases followed 
b> Carp and Stout Analysis of the reasons 
for reappearance suggests that the dissec 
tion and removal were not thorough 
There is no margin of safety in dealing 
with gangl a at operation because they are 
always in close proximity to a joint capsule 
or tendon sheath The operation of excision 
should nc\er be undertaken except when 
complete asepsis is assured and adequate 
facilities are atathble 
Unless the set up is unusual it is unwise 
to attentpj jputglinn nsrasmus as an otBce 
procedure Help in retraction is usually 
needed and if infection occurs the results 
may he serious because of imolved tendon 
"heath or joint ca\ity The necessary dis 
section may be slow tedious and extensive 
Skin prepantic n should be thorough 
lighting well (1 reeled and a tourniquet used 
to keep the field bloodless Transverse inci 
sjons should be employ e<l to a\ oid unsightly 
"cars The wound "hould afford adequate 
exposure and the dissection should be car 
ned down carefully to avoid rupture of the 
c) St until the base has been carefully d s 
"ecte I from capsule or tendon sheath Exa 
Sion of a portion of the joint capsule or of 


a tendon sheath is often necessary to obtain 
complete removal of the sac No attempt to 
close the defect in capsule or synovial sheath 
should be made Before closing the tour 
mquet should be released and bleeding 
points caught and tied The wound should 



Tie 282 Techn c of aspiration and 
mufcrpte puncture 


be closed m layers A splint should be 
applied with the joint in a position of relax 
ation and the splinting continued for from 
one to two weeks Finger motion may be 
instituted very early together with light 
massage but motion of the wrist joint 
should be somewhat delayed when portions 
of the capsule have been removed in the 
course of the operation 
If tlie operation has been carefully and 
thoroughly earned out as described there 
can be very little reason for reappearance 
of the tumor On the other hind it is not 
uncommon to have the patient complain of 
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some discomfort of the part or shght rc 
striction of joint mo\ ement for some months 
after operation and occasional!} when the 
scar tissue is m the \icimt} of a ner\e there 
maybe constant complaint of pam following 
the operation 

Occasional!} what is thought to be a 
ganglion on the dorsum of the wrist turns 
out to be a tuberculous tenos}no\itis This 
ma} be recognized or suspected at operation 
by the finding of rice bodies in the sac, by 
marked attenuation of the tendons, or b} 
the fact that there is no distinct peduncu 
lated sac but instead a general irregular 
enlargement of the tendon sheath The tis 
sue remo%ed b} excision should alwa}‘s be 
examined microscopically if an} of these 
suspicious findings are noted and if tuber 
culosis js demonstrated in the sections x ta> 
therapy is indicated postoperative!} 

BURSITIS 

Treatment of bursitis depends upon the 
location of the involved bursa the char 
acter of inflammation (acute or chronic 
traumatic or infectious), and the faalities 
available for treatment 

The earl} reaction of a bursa to trauma 
la the simplest form of acute bur«itis Aspi 
ration to relieve tension splinting to provide 
rest and the use of a pad and elastic band 
age to maintain moderate pressure over the 
collapsed sac constitute adequate initial 
treatment ’Toe «;p’iinting and pressure 'band 
age should be used continuous!}, keeping 
the part elevated and completel} at rest, 
until the swelling and tenderness have di 
minished or completely disappeared Grad 
ual use of the part may then be permitted 
preferably with continuance of intermittent 
splinting If pain or swelling do not recur, 
full motion then may be permitted 

If acute bursitis is improperly treated, or 
if repeated injuries occur, the bursal sac 
distends, the walls thicken the process be 
comes chronic, and resolution is not likel} 
to follow the simpler measures of treatment 
For this reason, complete excision of the 


chronically enlarged and thickened bursa is 
usually required If excision is the procedure 
"velected, hemostasis should be thorough, 
closure accurate, and the part splinted with 
the cavit} from which the bursa was exased 
completely collapsed with the aid of a pad 
and pressure bandage During the early 
stages of repair, splinting and elevation of 
the part should be continued Gradual re 
sumption of activities ma} be started 10 to 
14 da}S postoperative!} Recurrences fol 
lowing excision may be the result of incom 
plele removal of the sac or of not keeping 
(he cavit} collapsed while healing 

Subdeltoid Bursitis 
The large bur<!a over the head of the 
humerus underlying the deltoid mu«cle and 
the acromion arch » reallv one continuous 
bursa although variously described as the 
subacromial or «ubdeltoid bursa Acute 
symptoms develop when this bursa is sub 
jected to direct or indirect trauma and 
when the supnspmatus tendon is ruptured 
or undergoes degenerative change, with or 
without calcium accumulation 

ACUTE SUBOEUTQtD BURStTlS 
During the acute stage the injection of 
novocame followed b} aspiration of fluid 
from the bursa frequenll} gives spectacular 
relief Mitigation of pain often ensues even 
when no fluid is withdrawn Puncture of the 
bursift waVis permits escape o) enough exu 
dale to relieve tension, and gradual ab orp- 
lion subsequent!} occurs with alleviation of 
symptoms If two needles are inserted and 
irrigation of the bursal sac is earned out as 
recommended by Smith Petersen and prac 
ticed by Darrach and others almost imme 
diate comfort is obtained 
Patterson and Darrach report 63 cases of 
acute 'iubdeltoid bursitis treated by the im 
gation method 57 of which obtained com 
plete relief of symptoms, the average period 
of economic disabilit} following irrigation 
being 4 8 days The} found irrigation most 
successful in the following types of cases 
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(j) Very acute cases without history of 
prcMOUs atticks, (2) cases m ^hich the cal 
cium as seen in the roentgenogram, was fuazy 
— not dense, round, or bone-like — ^and gave 
the appearance of not being m the tendon 
of the supraspmatus muscle, and (3) cases m 
which the acute pain was localized to one spot 
and did not radiate 


the skin 15 nicked through the epidermis In 
like manner, a second point is infiltrated just 
about one quarter of an inch posterior to the 
greater tuberosity of the humerus on a level 
with the superior facet 
Following the injection of novocaine one 
of the large needles is mtroduced through the 
skin incision in the anterior portion of the 



Fio 283 Technic of irrigation of acute subdeltoid bursitis as out 
lined by Patterson and Darrach (A) Points for inserting needles 
(B) irrigation of bursa with saline «olution 


The method of irrigation employed by 
Patterson and Darrach has been described 
£)) them as foUows 

Equipment Tlie equipment consists of the 
following two 18 gauge steel needles, two and 
one half inches long one 20 cc syringe 60 cc 
of 1 per cent novocaine, a h>TX)dermic needle 
one No 10 Bard Parker blade and as much 
saline as thought necessary (usually about 
60 cc ) 

Tecumc With the patient lying on bis 
back, the affected «ihoulder is prepared with 
iodine and alcohol Then, w ith the hypodermic 
needle and novocaine a small wheal is made 
m the skin over the point of maximum tender 
ness This point usually corresponds to a spot 
about one inch lateral to and on the same hon 
zontal line as the oiracoid process of the 
*capula Then, with the point of the scalpel. 


anesthetized region The point of the needle 
IS directed posteriorly and upward toward the 
ottdbr sarfiicc cf the sentema! pfuctfss of the 
scapula The needle is then pushed deeper 
and after it has reached a depth of from one 
half to three quarters of an inch the wall of 
the bursa can be felt as a definite resistance 
provided that the syringe is held between the 
index finj^r and the thumb A quick stab 
places the needle point within the bursa At 
times, a cloudy fluid may push the plunger of 
the syringe back due to the increased tension 
m the bur^a Following the placing of this 
anterior needle, a second one is inserted into 
the r^ion just posterior to the greater tuber 
osity, about one fingerbreadth below the aero 
mioclavicular joint The needle is pushed 
gently down to the superior facet of the greater 
tuberosity and actual bone is felt with the 
tip of the needle Then the needle b slowly 
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withdrawn for about one eighth of an inch 
and the tip of the needle is pointed in the 
direction of the assumed position of the tip 
of the anterior needle which is in the bursa 
After this needle has been inserted for about 
one half of an inch, the bursa is entered (Fig 
2S3) Two cc of no\ocame are used in each 
of the needles on the way down to the bursa 
and on going through the burial sac 



Fig 284 Arrangement of apparatus 
for suspension and traction of arm fol 
lowing irrigation or manipulation 


As soon as the two needles are in place, 
the syringe is filled with normal salt solution 
ani I’tie. is ffcabvi ttnwgYi out ifttWe Vt> 
flow out the other A material of fhe con 
sistency of toothpa«te, either homogeneous in 
appearance or crystal like may roide At 
times It IS so thick that it almost stops up the 
needle, and considerable force is required to 
push it through \\ ith the 20-cc syringe full 
of sahne, it i> possible at times to force the 
solution out the other needle for a distance of 
21 mches beyond its hilt This can occur only 
when all the calcium has been washed out and 
the two needles are m perfect position At ibis 
stage, there seems to be only one advantage 
in having calcium show in the fluid on washing 
— It makes one absolutely certain that the 
needles ate in proper position and the bursa 
IS being washed as clean as possible 
Usually aa soon as one syringe of salt solu 


tion has been pushed through, the patient 
slates that the acute pain has disappeared 
The amount of saline used to wa«h the bursa 
clean vanes from 30 to 60 cc The needles are 
then withdrawn and a small sterile dressing la 
applied to the region of the shoulder Follow 
mg this the patient can usually move the arm 
freely in all directions without pain At first 
he Is reluctant to do so, because he has had so 
mucb discomfort, this is especially true in the 
acute cases Gentle passive manipulation can 
be done without harm and with actual benefit 
ID cases of long standing Often a definite give 
to the shoulder can be f^elt 

Following aspiration of an acutely in 
flamed bursa, it is advisable to have the 
patient rest in bed with the arm abducted 
and eTternallj rotated This can be accom 
plished rather crudely by tying the wnst 
to thfr head of the bed A more comfortable 
method is to suspend the arm and apply 
moderate traction with the aid of an over 
bead fnme and lateral traction pulley (Fig 
284) During the first 24 to 48 hours 
suflicient sedation should be given to keep 
the patient vrell relaxed and reasonably 
comfortable Hot fomentations can be 
placed over the shoulder for 20 to 30 mm 
utes two or three limes during the second 
day Following the hot applications the 
patient should be encouraged to exercise the 
arm through most of the normal range of 
motion with the aid of weights and pulleys 
and slight assistance from physiaan or 
nurse No vigorous manipulations or forcible 
movements s’nouli ’oe periormefi 

\\Tien It IS not po-ssible to keep the pa 
tient in bed or keep the arm suspended and 
in traction, it is preferable to have the 
patient wear an abduction splint day and 
night until the process becomes quiescent 
The splint can be remov ed for daily treat 
ment of some form of heat followed by 
moderate octue exercises, to increase the 
rang^ of abduction and external and m 
temal rotation 

Roentgen ray therapy has been recom 
mended by various writers for acute and 
chronic types of bursitis Carl Sand'trom 
reviewed 320 cases under the heading of 


bursitis 


peritendinitis calcarei amongTshicb there 
were 7S acute case^ treated by irradiation 
Of the^e he states 

In more than half of the acute cases the 
treatment has been finished in two to f»>e 
weelvS In a quarter of the cases the freatmCTt 
iias continued two to four months Few cases 
base been treated for a year 
The technic used was thus described 

In acute cases Doses of 7S 100 r every 
other day or every third day till the acute 
symptoms hav e subsided Thereafter if slight 
sjTnploms persist treatment la continued as 
in chronic cases 

In chrome casts Swies ate given ot three 
treatments of 100 r each Betneen the first 
two or three series there is an interval of three 
to four weeks thereafter the intervals are 
trvo to three months 

In both acute and chronic cases the fields 
are varied The technic emplojed has been 
200 kv 6 ma , 40 cm distance, 0 5 mm Cu, 
and 1 mm A1 filter 

Isadore Lattman m 1937 found that 
roentgen irradiation to the affected joint 
relieved the pain, restored the normal func 
tion, and permitted the patient to resume 
hts normal routine more quickly than could 
be accomplished b> any other form of treat 
ment He found one treatment was usually 
all that was necessary, two or three occa 
‘ionally being required He reported that 
IS of the 20 cases treated were relieved of 
pain in from 24 to 48 hours 
Samuel R Rubert, in a review of the 
treatment of subacromial bursitis m 288 
cases at the l/niversity of Iowa, states that 
roentgen ra> treatment has also given good 
results, but does not give any figures as to 
the numbers treated 

\cute subdeltoid bursitis and other t>pes 
of bursitis m the acute stage may be re- 
lieved bj roentgen raj therapj, but it is 
doubtful whether relief can be obtained any 
more rapidlj or cffectivelj than by some of 
the other methods, of treatment hlost pa 
tients with acute bursitis may procure relief 
from the crest sjmptoms in 24 to 48 
hours following aspiration or irrigation of 
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the bursa and usuallj can return to light 
duty within a week or ten days but may 
require three to sue weeks of further treat 
ment to regain complete range of motion 
with freedom from pain 

CHROMC SUBDELTOID BURSITIS 

Following the acute bursitis or in some 
cases developing a» a slowlj progressive 
subacute process there is chronic inflamma 
tion of the subdeltoid bursa with adhesions 
and, in many instances calcareous deposits 
in the bursa or in the tendinous insertions 
beneath These deposits appear sharply cir 
cumscribed and very dense Treatment of 
the chronic stage requires considerable judg 
ment and the utmost care The measures 
required for relief vary from heat and mas 
sage to manipulation of the shoulder joint 
under anesthesia or even excision of the 
bursal sac and curettage of the calcareous 
deposits Physiotherapeutic measures alone 
often suffice for the chronic cases with mild 
symptoms that do not incapacitate the pa 
tieot Aspiration or puncture of the bursa 
1- indicated for the severer cases with con 
siderable pain and restriction of movements 
of the «houlder Manipulation and opera 
tion should be reserved for patients who are 
seriously disabled by pain and stiffness of 
the shoulders 

Roentgen ray Therapy Those who ad 
vocate roentgen ray therapy for the various 
forms of bursitis state that it is less effective 
in the chronic type than in the acute or 
subacute caees Sandatrom states, The 
chronic cases have been treated from two 
to ei^ht months, in some cases up to a jear 
and a half” The surgeon muat, therefore, 
consider other measures of treatment for 
his chronic cases 

Aspiration and Irrigation Aspiration of 
chronically inflamed bursae is frequently 
unsuccessful because of numerous adhesions, 
thickened walls and tenacious secretions, 
but may be attempted without risk of ag' 
gravating the condition and often gives 
relief The technic differs from that em 
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ployed for irrigation of acute subdeltoid 
bursitis No\ocaine, 2 per cent solution, 
should be injected intradermally directlj 
over the points of maximum tenderness 
With a larger needle additional novocaine 
solution should be injected into the muscle 
and nail of the bursa and nhen the iniiltra 
tion IS complete the needle should be par 
tially withdrawn and reinserted in different 
directions several limes in an attempt to 
penetrate the nails surrounding the cal 
careous deposits Penetration of the deposits 
with the needle sometimes results m their 


Manipulation is not nithout danger, dis 
locations of the shoulder and fractures of 
the surgical neck of the humerus have oc 
curred To prevent these acadents pressure 
should be made against the head and neck 
of the humerus in the axilla during the pro- 
cedure The scapula should be held in place 
by an assistant while the operator grasps the 
flexed forearm at the elbow, makes traction 
on the arm, and graduallj abducts it ^Vhen 
the arm has been carried to an angle of 90® 
from the side of the body, the movement of 
external rotation should be gradually car 




Fic 2SS Puncture and dispersion of calcareous deposits m 
chronic subdeltoid bursitis 


dispersion and absorption with relief of 
symptoms This procedure (Fig 26S) of 
puncturing of the bursal nails and cal 
xaieswa ca.7. Vw, t'jw.’aw/sd. T.Ah wx*. 

gallon or carried out alone, but in either 
case should be followed bj suitable physio 
therapeutic measures 
Manipulation ^Vhen other measures 
have been consistently tried without sue 
cess, and when the history, examination, 
and roentgenograms have definitely shown 
that there is no bony ankylosis of the sboul 
der joint, manipulation of the shoulder 
under general anesthesia may be performed 
The purpose of such manipulation is to 
break adhesions and stretch the contracted 
muscles and capsule m order to obtain a 
complete range of motion at the shoulder 


ried out and followed b> complete internal 
rotation (Fig 2S6) Great force should 
never be used in the performance of anj of 

should be carried out only once in each 
direction ‘Manipulation of a shoulder with 
chronic bursitis produces an exacerbation 
that must be treated as if it were an acute 
bursitis Recovery in the chronic cases is 
usually quite slow The period of bed treat 
meat vnlh suspension and traction should 
be prolonged until the patient has acquired 
his complete range of active shoulder move- 
ments without pain 

Physiotherapy It is often possible to 
omit manipulation in the chronic cases and 
proceed at once with bed treatment, sus 
pension of the forearm, and traction on the 


BURSITIS 


rm In the beginning the arm must be 
u«pen(!ed in a comfortable position and 
faction applied (Fig 284) rsithout attempt- 
ng to correct the contractures Sedatives 
hould be given liberally until the patient 
s quite relaxed and comfortable in the 
ipparatus Hot fomentations, radiant heat, 
or diathermy of low milliamperage may be 
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muscles may be stretched gradually, the 
scapular group of muscles >'ill regain 
strength and the patient’s morale will 
improve 

After ten days or two weeks m bed with 
traction applied, these patients frequently 
are entirely comfortable and able to move 
the arm freely through an almost complete 


90 ® ab<iiiction 



Fig 286 Three steps essential m procedure of manipulation for chronic subdeltoid 
bursitis (Top) Abduction to 90‘’ with <^apula held by assistant and head and neck of 
humerus protected by operator s hand, (Center) internal rotation of arm with head and 
neck of humerus protected, (Bottom) external rotation of arm with traction on humerus 
Via 287 Relaxed circumduction exercise 


applied to the shoulder, and light massage 
ma> be given without disturbing the trac 
tion Following a period of two or three 
dajs of rest with application of heat and 
massage, the patient should be encouraged 
to move the arm slowly in everj direction 
It will then be found possible to change the 
pullej-s «o as to gain more abduction and 
external rotation without increasing the pa 
tient s pain From day to day the angles of 
abduction and external rotation may thus 
be increased, the adhesions and contracted 


range of motion They can then be allowed 
out of bed, and can exercise the arm by 
stooping forward until the arm and forearm 
hang directly downward, swinging the arm 
m a arde for several minutes a number of 
times during the day (Fig 287) For several 
nights after the patient first begins to be 
up and about, it is well to reattach the 
weight' and ropes to maintain full correc 
tion 

After the patient has been ambulatory a 
few days and can perform his stooping exer 
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cises freely, he may be permitted to lea\e 
the hospital and report dail> for (able exer 
cises and passive stretching of the shoulder 
The shoulder muscles are first relaxed by 
the use of heat and light stroking massa^, 
and the patient, supine on a table, is then 
directed to reach for the head of (he table 
the top of his own head, the opposite shoul 
der, the side of the table near his axilla 
As his muscular strength improves weights 
of increasing sue may be carried through 
the v’arious movements obtained through 
manipulation or traction in order to develop 
sufficient “Strength m the weakened and 
atrophied muscles to enable the patient to 
use the arm freely and thus to avoid recur 
rence of adhesions and contractures 
Diathermy has been accredited with has 
tening the absorption of deposits and im 
proving the condition of such shoulders It 
IS a useful method of applying heat and 
thus improves the circulation in the region 
of the joint but has no more specific action 
on calcium deposits than an> other form of 
heat One should not regard it as the sole 
agent necessaiy for treatment of chronic 
subdeltoid bursitis At best, diatherm> is 
onl> an adjunct to be combined with rest 
or splinting of the part, massage, active 
assisted movements and esercices 

Operative Treatment A certain few 
cases with calcified deposits in the sub- 
deltoid bursa will resist all forms of treat 
meat and continue to manifest pom ond 
disabibtj Such cases nia> be cured bj oper 
ation Symptoms usually disappear after 
opening of the sac and curettage of the cal 
careous deposits, but complete removal of 
the bursa is sometimes required Rubert 
states that of 21 «uch cases whidi were 
operated upon at the Umversitj Hospital, 
Iowa City, Iowa, ten were cured (48 per 
cent), five improved (24 per cent), and six 
urnmproved (28 per cent) 

Codman’s technic for exposure of the sub- 
deltoid bursa and removal of calcareous 
deposits as described by Campbell is fairly 
simple 


Beginning at the lip of the aaomion process 
the incision la earned distallj three inches on 
the anterior aspect of the arm parallel uilb 
the fibers of the deltoid muscle The bursa 
which lies between the deltoid and the capsule 
of the shoulder joint m clo«e proximity to the 
greater tuberosity of the humerus, is exposed 
by blunt dissection through the anterior fibers 
of the deltoid By rotating the shoulder 
medially and laterally, the kmits of the bursa 
may be defined and the entire bursa, or the 
greater portion thereof, resected The tendon 
of the supraspinatus muscle is inspected and 
i( infiltrated by calcareous deposits, is incited 
longitudinally m the direction of its fibers 
The material then removed bv curettage 

During this operation the surgeon should 
bear in mind that chronic bursitis at the 
shoulder has been shown bj Codman to be 
assoaated frequently with partial or com 
plete rupture of the supra«pinatous tendon 
When the bursa is opened, the articular 
cartilage of the humerus will be visible 
through the defect in the tendon if the 
rupture has been complete Bv rotating the 
arm inlernallj , the retracted end of the rup- 
tured tendon may be found, brought down 
from the subacromial space and sutured to 
the stump, or to a freshened surface on the 
tubero«iij (See Chapters 29 and 42 for 
rupture of the supraspinatus ) Following 
operation the after care of the patient 
should be the same as that following ma 
nipulation 

Infectious Bussitis 

InflanimaliDn and swelling of various 
bureae may result from direct invasion of 
their walls b> pyogenic organisms or by 
absorption of toxic products from a distant 
focus 

Direct Invasion or Acute Pyogenic 
Bursitis Following a puncture wound or 
a deep laceration near a bursa, organisms 
which gam entrance into the walls or cavity 
of the bursa propagate to produce an active 
pyogenic inflammation with exudate of 
purulent character Sudi infections are usu 
ally of staphjlococac origin but may be 
mixed staphylococac and streptococac 
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During the acute stage when there is dis 
tjnct redness heat and cellulitis with a 
tendency to spread no operative measures 
should be considered It is important to de 
termine the organism responsible for the 
infection as early as possible The bursal 
contents should be aspirated and a smear 
and culture tahen immediately Elevation 
of the part splinting and hot moist apphca 
tions should be continued until the culture 
has prosed the infection to be staphylo 
coccic streptococcic a combination of the 
two or due to other organisms Chemo 
iherap) should then be instituted {See 
Chapter 22 for choice of drug dosage etc 
—Ed ] Adequate drainage should be insti 
tuted as soon as the process is localized 
preferably bj crucial incision anteriorly or 
lateral incisions on either side with the 
insertion of \asehne gauze strips into the 
bursal cavity Splinting and hot applications 
should be continued postoperatively until 
the discharge has ceased and there is a 
granulating surface \t this time gradually 
increasing movement of the joint may be 
permitted and evenlvialiy the patient is 
encouraged to employ full motion and 
neight bearing 

Chronic Infectious Processes Tuber 
cutosis Tuberculosis may occur m various 
bur«ae as nn extension from a focus in the 
bone or adjacent joints In addition it may 
appear as a 'separate infection in the tro 
chantcric bursa and has also been noted 
in the pretibial bursa If the infection is 
'trictly limited to the bursa it is sometimes 
possible to excise it i« loto with subsequent 
permanent healing This has been accom 
plished m cases of infrapatellar bursitis but 
rarely can be accomplished m the trodian 
Icnc bursa 

Syphilis ^ arious bursae may demon 
^trate s> 7 )bjbl;c smohement the prepaid 
hr bur a being most frequentlj affected 
The histones of such ca'ses suggest that 
there existed a chronic bursitis which later 
l>ecomes s>philitic in nature x\ntisyphilitic 
treatment together with elimination of all 


irritation and trauma will effect a cure if 
lu^ IS the etiologic factor 
Bursitis Secondary to Remote Foci of 
Infection The most striking example of 
this IS seen m the bursitis that develops 
beneath the heel designated as calcaneal or 
subcalcaneal bursitis It is usually found m 
people who have acute or chrome gonor 
rheal urethritis prostatitis or ve«iculitis 
and who are also overweight or constantly 
on their feet Less frequently the same 
mechanical factors combined with a tonsil 
Jar abscess or apical abscesses of the teeth 
will cause calcaneal bursitis 
The injection of novocaine or normal 
saline into and about the affected bursa has 
relieved the tenderness at the heel in some 
cases The materials injected probably have 
less to do with the subsidence of sjTnptoms 
than the puncturing of the distended bursal 
sac and adjacent indurated tissues In any 
case It may be helpful to inject the skin 
over the inner side of the heel with 2 per 
cent novocaine solution then to introduce 
a larger needle and carry the injection down 
to the bursal sac When sufficient lime has 
elapsed for the novocaine to take effect the 
same needle should be passed through the 
resistant bureal wall and plantar fascia and 
partially withdrawn and reinserted several 
times Rest elevation of the part, and the 
use of hot fomentations should be advised 
for 24 to 48 hours after this procedure has 
been carried out When the tenderness has 
diminished and the patient resumes weight 
bearing attention should be directed toward 
the footwear The shoes should be well 
fitted the entire heel raised one fourth to 
one half mch to throw more weight to the 
forefoot and a soft sponge rubber pad 
placeil beneath the heel m the shoe {Fig 
2 S 8 A) By means of a special arch support 
of metaf or sponge rubber with a cupped 
beel and high instep most of the trans 
nutted weight of the body should be taken 
on the instep and ball of the foot rather 
than on the center of the heel 
Accompanying calcaneal bursitis there 
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frequently develops a bony spur or exc^tosts 
projecting anteriorly from the ridge be- 
tween the medial processes of the tubercle 
of the calcaneus into the plantar fasaa as 
revealed m a lateral roentgenogram of the 


the inner «ide of the heel parallel to its 
plantar surface Through (his incision the 
medial process of the tubercle of the cal 
caneus may be exposed together with the 
ridge from which the plantar muscles and 



Fic 288 I arious shoe corrections used in treatment of bursitis occurring 
in region of foot and ankle 


heel Conservative measures such as have fascia take origin BTien the attachments of 
been outlined are sufficient for relief of the fasaa and muscles have been stnpped 
many of the thickened bursae but some awa> from the bony ridge, the exostosis may 
require removal of the exostosis The opera- be revealed and can then be completel> re 
tion should be performed through an ina- moved with an osteotome Bleeding points 
«ion extending for about two inches along should be tied off, the wound dosed wnfh 
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interrupted sutures, and a pad bound under 
the sole of the foot with an elastic bandage 
The toot should be kept elevated for a 
period of from 48 to 72 hours The patient 
can then begin to walk about with the aid of 
a crutch bearing a little weight on the toes 
of the foot Sutures may be remoted at the 
end of ten days or two weeks Two or three 
days later a shoe with a pad under the heel 
may be supplied 

Bunsms Accompakying Gout 
Gouty deposits are occasionally found m 
bursae about the great toe joint and rarely 
at the shoulder, elbow, and knee These 
chalky deposits may be mistaken for cal 
ctum but will usually disappear in response 
to rest, a purin free diet and the admin 
istration of some preparation of colchicum 

Bursitis in SPsaAL Regions of Body 

FOOT AND ANKLE 

Of the numerous bursae located in this 
region those most frequently involved are 
the retrocalcaneal, which lies between the 
lendo achillis and the tuberosity of the os 
calcis the Achdles bursa lying between the 
skin and the insertion of the tendo achillis 
and the calcaneal f ursa, lying beneath the 
tuberosilj of the calcaneus In addition to 
these, adventitious bursae may develop over 
the first metatarsophalangeal joint in con 
nection with the formation of bunions 
Others, known as tailors bursae develop 
over the external malleoli from the pressure 
over those points caused by the cross-legged 
silting position in which tailors usually 
work Some patients, particularly those with 
clubfoot exhibit large adventitious bursae 
over the outer side of the cuboid and prox 
imal end of the fifth metatarsal 
Retrocalcaneal Bursitis Inflammation 
of this bursa is usually caused by wearing 
short or ifl fitting shoes, the counters of 
which make undue pressure over the pos 
tenor aspect of the calcaneus at the inser 
tion of the tendo achillis If there is some 
iriegulariij of this surface of the calcaneus, 


the bursa is much more likely to become 
inflamed, and under such conditions treat 
ment must be directed to the bone itself as 
well as to the bursa In the early acute case, 
rest and the use of hot fomentations cutting 
away the counter of the shoe posteriorly 
(Hg 288 B) and elevation of the heel in 
the shoe by placing a pad of felt or sponge 
rubber one fourth to one half inch thick be 
neath the heel will cause subsidence of the 
swelling and tenderness The altered shoes 
should be worn for two to four weeks until 
all tenderness and most of the swelling have 
disappeared, after which properly fitted 
shoes should be provided If, m spite of 
these precautions the bursa recurs, it should 
then be excised together with any bony 
enlargement or small exostosis which may 
be present 

Achillobursitis Achillobursitis is brought 
about ID much the same manner as retro 
calcaneal bursitis and the treatment of the 
condition is preasely the same Isadore 
Zadek points out that simple escision of 
this bursa is no more likely to effect a cure 
than excision of the bursa over the first 
metatarsophalangeal joint could be expected 
to give complete relief for bunion in the 
presence of hallux valgus deformity He, 
therefore, recommends the removal of a 
V shaped wedge from the superior surface 
of the tuberosity of the os calcis with dos 
ure of this opening m the bone by forcing 
the posterior segment forward, thus re 
duang the posteriorly projecting bony 
prominence to a point where the shoe coun 
ters cannot produce undue pressure 

Calcaneal Bursitis This bursa is most 
frequently a'^socialed with a remote infec 
lious process and has been discussed under 
infectious bursitis 

Bunion Associated with hallux valgus an 
exostosis usually is seen on the medial as 
pect of the head of the first metatarsal bone 
Constant friction and pressure of the shoe 
over the exostosis then results m the forma 
tion of an adventitious bursa on the medial 
side beneath the skin The treatment of 
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acute bursitis associated with bunions con 
sists of rest and ele\ation of the feet and 
the application of hot fomentations until the 
acute tenderness and spelling ha\e sub 
sided Soaking the feet in hot solutions of 
hypertonic saline is gratifying to manj pa 
tienls and is easier managed m the home 
than fomentations On resuming the wear 
mg of shoes all pressure over the great toe 
joint should be remo\ed This maj be ac 
complished by splitting the shoe down the 
midime of the upper and toe cap or by 
cutting out the inner s de of the upper 
opposite the joint (Fig 288 C) \Mien ibe 
upper has been cut out on the inner side 
it can be repaired by a patch with convex 
contours large enough to accommodate the 
enlarged joint (Fig 288 D) The plantar 
surface of the great toe joint should be pro 
tected by i felt or sponge rubber pad one- 
fourth to one half inch thick on the inner 
side and beveled to no thickness on the 
outer «ide and beneath the metatarsal heads 
(Fig 288 E 1 and E 2) Eventually a shoe 
of ample vridth with a straight inner border 
may be suppl ed 

Chronic bursitis associated uith marked 
halluk valgus and deformity of the forefoot 
is best treated by one of the operative pro 
cedures recommended for treatment of 
bun on All of these procedures include at 
tention to and disposition of the bursa In 
addition it is necessary to remove the 
exostosis correct the alignment of the first 
metatarsal and narrow the metatarsal por 
tion of the foot (See Chapter 5 — Ed] 

Other Adventitious Bursae Thetailors 
bursa over the external malleolus is usually 
a chronic condition best treated by removal 
The large bursae which develop as a result 
of weight bearing over the outer side of the 
foot in clubfoot deform ties require no spe- 
cial treatment if the deformity is corrected 
and the weight bearing transferred to the 
«ole of the foot Bursae over the plantar 
surface of the metatarsal heads are best 
treated by the insertion of well adjusted 
metatarsal pads in corrective shoes Occa 


siotially these are quite acute and demand 
some days of rest elevation and hot appli 
cations as prel minary treatment 

KNEE 

The bursae in this region which are most 
frequently involved are tlie prepatellar 
which lies between the skin and patella the 
pretibial lying between the patellar tendon 
and the tubercle of the tibia and the super 
ficial pretibial lying directly between the 
tibial tubercle and the skm Any or all of 
these may originate from traumatism or in 
fection with a resulting acute or diromc 
bursitis Treatment of acute involvements of 
the bursae ly mg anterior to the joint proper 
consists of aspiration of the distended bur^a 
followed by the use of a splint back of the 
knee and a pressure pad bound m place ov er 
the bursa with an elastic bandage Hot 
compie»ves may be applied if there is con 
siderable inflammation around the bursa 

If there is appreaable cellubtis redness 
increased heat and some fever indicating a 
purulent involvement the part <liould be 
elevated and kept at rest hot applications 
used and chemotherapy as outlined m 
Chapter 22 msiuuled until the process is 
well localized Drainage should then be in 
stiluted and splinting continued until the 
heal ng is progressing satisfactorily 

Chronic involvement of these various 
bursae in the anterior region of the knee 
may be the result of repeated traumatism or 
of low grade infection Svphililic and tuber 
culous involvements are always to be con 
sider«l and these poss bilities should be 
eliminated before operative treatment of the 
bursae is undertaken Chronic traumatic 
bursae should be excised completely The 
technic of excision should be similar to that 
described in the earlier part of this chapter 
for chronic traumatic bursitis 

Popliteal Bursae Numerous bursae are 
found in the posterior knee region most of 
which are not constantly present and are 
seldom enlarged The one most commonly 
affected and produang symptoms is the 
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bursa beneath the medial head of the 
gastrocnemius and the tendon of the semi 
mcmbranosus, and is known as a popliteal 
c>-st or Baker’s cyst Palliative treatment is 
ibually ineffective m this t>’pe of chronic 
bursitis Operative removal, preferably 
through a transverse incision is the pro 
ccdure of choice 

There is also a bursa between the tendon 
of the biceps, the semimembranosus and 
semilendinosus known as the bursa ansenna 
When this is chronically involved it should 
be excised m the same manner as outlined 
for the removal of Bakers cyst 
These posterior bursae may communicate 
with the knee joint, and are sometimes quite 
extensive, requiring tedious dissection for 
complete removal Meticulous technic 
should therefore be used in aspiration for 
diagnosis, and the excision is subject to all 
the precautions alluded to under excision of 
tanglion 

HIP 

Of the numerous bursae described in this 
region, onl> three have become involved 
with any frequency (1) The trochanteric 
bur«a, lying between the tendinous attach 
ment of the gluteus maximus and the lateral 
surface of the great trochanter, (2) the 
ischiogluteal, beneath the gluteal muscle 
overlying the tuberosity of the ischium, and 
(3) the iliopectineal, between the iliopsoas 
muscle and the pelvis 
Trochanteric Bursitis Acute trochan 
tenc bursitis of traumatic origin usually 
subsides promptly with rest, hot applica- 
tions, and perhaps aspiration Subacute or 
chronic cases occasionally show calcified de- 
posits in this region, many of which respond 
well to irradiation Acute suppurative m 
volvement of this bursa requires incision 
along the posterior margin of the great 
trochanter with due care to avoid the sciatic 
nerve Chronic suppurative involvement of 
this bursa should suggest tuberculosis In- 
fection of this bursa by tuberculosis without 
demonstrable lesions in the hip joint or in 
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the trochanter has been observed by several 
writers However, the great majority of 
these cases have, or later show, involvement 
of the greater trochanter or of the hip joint 
itsdf It IS well to leep this in mind m 
giving a prognosis and m the examination 
of the patient 

In these cases aspiration, rest, and pres- 
sure combined with the usual general meas 
ures of treatment for tuberculosis hav e been 
recommended and tried Those who have 
attempted excision have found it to be not 
only formidable, but also unsuccessful 
Ischiogluteal Bursitis This type of 
bursitis occurs m patients whose occupa 
tions require them to sit constantly and at 
the same time to move the trunk frequently 
The constant irritation over this bursa 
causes a chronic thickening and increa'^e of 
fluid until It becomes enlarged The acute 
and subacute stages of this trouble may be 
cured simply by a change of occupation, but 
when it has progressed to the chronic stage 
excision will be required 
Iliopectineal Bursitis Because iliopec- 
imeal bursitis is usually associated with and 
secondary to acute inflammatory conditions 
m the hip joint, the treatment, which con 
sists of incision and drainage, is limited to 
the acute suppurative type When the mci 
Sion is made, one should be prepared to 
extend it into the hip joint if the bursa is 
found to be communicating with a suppura 
tive focus m the joint 

ELBOW 

Bursae in the region of the elbow which 
most frequently become involved are the 
olecranon and the radiohumeral 

Olecranon Bursitis This develops as a 
result of repeated trauma or rarely as in 
fection secondary to abrasions or a punc- 
tured wound The traumatic types in the 
early stages respond to aspiration, rest, and 
splinting with a small pressure pad over the 
enlarged bursa [The acutely infected bursa 
IS probably best treated fay excision m con- 
junction with chemotherapy by mouth and 
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locally, the woynd being packed loosely 
open and allowed to granulate Inasion and 
drainage is unsatisfactory and in most in 
stances has to be followed bj excision — 
Ed ) The chronic recurrent tj'pe requires 
excision through a lrans\crse inasion, and, 
when there is considerable enlargement, re 
mo\al of a section of skin in order to thor 
oughlj collapse theca\itj 

Radiohumeral bursitis—also de<iignated 
as ‘tennis elbo'\\, epicondjlitis and epi 
condylalgia— is the result of slight trauma 
tization m the region of the radiohumeral 
joint following excessive use of the arm in 
extension and supination 

In the acute stage support of the arm in a 
sling with a cock up «phnt on the wrist and 
forearm together with applications of heat 
and massage for a period of ten da>s or two 
weeks maj alleviate the pain More prompt 
rehe! is probably attained b> immobiliza 
tion if preceded by puncture of the bursa 
or injection with novocaine 

If the bursitis has persisted for several 
weeks or has recurred several times, one 
must choo*e between excision or a manipu 
lative procedure such as that described by 
Mills The latter consists of flexing the 
fingers and wrists, full> pronating the fore- 
arm, with pressure of the thumb over the 
bursa, the forearm can then be forcibly 
extended, thus rupturing the bursa or Jacer 
atmg the fibers m the vicinity of it m sudi a 
manner as to relieve the trouble In long 
standmg cases the u«e of an anesthetic is 
adv isable 

Operativ’e Removal or Radiohumeral 
Bursitis The radiohumeral bursa lies be 
tween the conjoined tendon and the radio 
humeral joint Osgood recommends exposure 
through an oblique incision one and a half 


inches long from above the external epi 
condyle well dowm over the head of the 
radius The conjoined tendon is defined its 
fdiecs carefullj split to uncover the bursa 
if present Hohman advises exposure of the 
epicondyle, transverse division of the ongins 
of the conjoined tendons on the anterior 
surface, inspection of the area beneath, and 
removal of the bursa when present Watson 
Jones believes that the operation achieves 
the same purpose as the manipulation— it 
releases the strain on an incomplete tear, 
allows repair of the tendon with slight 
lengthening and therefore removes the lo- 
calized traction of a strong muacle from 
painful periosteum ’ 
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Tumors of Bones and Joints 

A TREATMZUyr OF BONE TUMORS 


Brabley L Coley, M D 


Before considering the various methods that some of the tumors are benign, some 
of treatment of the complex group of bone are malignant and others that are benign 
tumors, It IS essentnl to have as clear an at the start may, under certain circvm 
understanding as is possible of the various stances, become malignant 
tj’pes that compose this group We know While a number of classifications of bone 

Classification of Bone Tumors* 

1 O&tcogenic series I Medullary and subper 

losteal 

2 Telangiectatic 

3 Sclerosing 

4 Periosteal 

5 Fibrosarcoma 

(a) Medullary 

(b) Periosteal 

6 Parosteal, capsular 

2 Chondroma scries 1 Chondrosarcoma 

2 hljxosarooma 

3 Giant-cell tumor series 1 Malignant 

4 Angioma senes 1 Angio-endothelioma 

2 Diffuse endothelioma 

5 hijeloma senes 1 Plasma cell 

2 ^Ijclocytoma 

3 Cr>throblastoma 

4 Lymphocytoma 

6 Rcliculum-cell Ijanpho- 

sarcoma 

7 I iposarcoma 

• A» rcMicd m 193^ b> tl c Bone Sarcoma Regislo ^ Atncncan College o£ Surgeons, 

33S 


Be/ug/t 

1 Exostosis 

2 Osteoma 


1 Chondroma 
1 Epiphyseal giant cell 
tumor 

1 Cavernous angioma 

2 Plexiform angioma 
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tumors have been offered, the following one 
recentl> revised and approved by the com 
mittee of the Bone Sarcoma Registry of the 
American College of Surgeons seems to 
ha\e most to recommend it, and it is hoped 
that eventually it will become the univer 
sally accepted one 

BENIGN TUMORS OF BONE 
Exostosis, Osteoma 

Single exostoses that are causing no 
sjmptoms may not call for any treatment 
They should be kept under observation, 
both clinical and roentgenographic, since 
occa'uonal cases may undergo iransforma 
tion into osteogenic sarcoma Those caus 
ing pain or interference with function may 
be removed by simple surgical excision 
which should be complete, and should in* 
elude the underlying cortex as well as the 
base of the exostoses 

Multiple exostoses occur as a distinct 
clinical entity which is termed familial dc 
fomitig chondrodysplasia In addition to 
the actual exostoses, «ome of these patients 
show skeletal deformities with bending of 
the bones and irregular widening of the 
metaphyseal region In these cases il is our 
practice to keep the patient under obsena 
tion, to await full bone growth, and to 
operate only when symptoms of nerve pres 
sure, vascular pressure, or deformity are 
present , then complete excision is recom 
mended [For other factors in this disease, 
see Chapter 3 —Ed ] 

CUONDKOUA 

This common benign tumor is often 
grouped with osteoma In fact, cartilaginous 
and osseous tissue often occur together in 
the osteochondromatus process referred to 
as exostosis The pure chondroma is more 
often a central tumor, hence the older term 
enchondroma 

^Vblle these tumors are usually seen m 
the small bones of the extremities, particu 
larly m the phalanges and metacarpaJs and 


metatarsals, they may occasionally occur 
in the major long bones Multiple lesions 
are relatively rare 

These tumors may undergo a change to 
chondromyxosarcoma Tins is far more apt 
to occur in the larger lesions situated in 
the major long bones, in the nbs or sternum, 
than It IS m those of the smaller bones In 
the phalanges such a development is excep- 
tionally rare It may occur in only one of 
the lesions when the patient has multiple 
growths 

Although complete extirpation by curet 
tage has been found to be successful, recur 
rences are common and bespeak a failure 
on the part of the surgeon to remove every 
particle of the diseased tissue The impor 
tance of a thorough cauterization of the 
curetted cavity with zinc chloride cannot be 
loo strongly emphasized (For more details 
see Surgical Treatment of Giant cell Tumor, 
below ) WTiere feasible, resection may be 
the method of choice Roentgen therapy has 
not been found to be successful m most 
cases of chondroma It is hardly rational to 
expect radioresistant tissue to respond to 
light dosage and heavv dosage for benign 
lesions of this tyiie is scarcely justifiable 

In brief, if operation is chosen, it should 
envisage a thorough and wide removal of 
the diseased tissue by surgery and cautery, 
and closure of the wound without drainage 

GIA^T CELL Tumor 

This tumor is usually confined to the 
ends of the long bones Only infrequently 
IS It found in the fiat bones, such as the 
pelvis or scapula The lower femur and the 
upper tibia account for 80 per cent of all 
cases A variant form is the so-called epi 
physeal chondromatous giant cell tumor de- 
scribed by Codman, occurring most ire 
quently in the upper humerus 

The two methods of treatment widely 
used are (1) radiation by means of roent 
gen ray, and (2) surgery \Vhile many au 
thorities have advanced the claims of each 
we believe that for accessible lesions, par 
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licularly those m the femur and tibia a 
thorough curettage followed by cautenza 
tion and primary wound closure is the 
method of choice For inaccessible lesions 
e g those lesions m the upper femur, pelvis 
or spine radiation has been found to be 
preferable 

Surgical Treatment of Giant cell 
Tumor TsEoptRArivE The skin prepara 
tion IS an important step and should be 
earned out carefully Provision should be 
made for a transfusion to be administered 
immediately after the operation m the 
event of unexpected loss of blood Under 
general anesthesia a tourniquet is applied 
and the skin incised over the tumor bear 
mg portion of the bone The incision should 
be so placed as to avoid the neighboring 
joint (Fig 289) and give access to the 
bone with a minimal amount of damage 
to the overlying soft parts This is done 
where possible by splitting the muscles 
rather than dividing them The periosteum 
IS expa«ed incised and stripped back from 
the cortex \ rectangular window is then 
made by an osteotome or twin bladed 
motor saw (Pig 290) The window is then 
enlarged with a rongeur (Fig 291) until a 
thorough curettage of the tumor filled cav 
it> can be performed under direct vision 
aided by palpation 

this stage the Cameron light is u«e 
ful Iso Unnecessary sacrifice of cortical 
bone should be made A curette with an 
angular handle (Fig 292) helps one to reach 
the roof of the ca\it> and to completely 
remove all particles of tumor tissue and 
cancellous bone The cavity is repeatedlj 
flooded with Dakins solution or normal 
saline solution When the surface of the 
l)one cavity is clean the interior is thor 
oughly swabbed out with a saturated solu 
tion of zme chloride (or if this is not avail 
able with pure phenol followed by alcohol) 
which is allowed to remain m contact with 
the bone for about one minute care being 
taken to protect the <oft parts from con 
tact with the cscharotic solution which is 


Bushed away bj repeated flooding of the 
cavity with Dakin s solution 
The periosteum muscle, fascia and skin 
are closed in separate layers with inter 
rupted sutures without drainage Since the 
bone shell usually possesses sufficient re 
generative power to restore continuity we 
do not advocate stuffing the cavity with 



Fig 2S9 Shows exposure of involved 
portion of femur with retraction of 
rather than divis on of muscles (Cour 
tesy Coley and Higmbotham Ann 
Surg 103 No S ) 

bone chips although it is the practice of 
many surgeons (Many men feel that the in 
sertion of long curling chips taken from ad 
jacent bone or from the tibia or ilium is the 
safer procedure if the cavity left after 
curettage is of any size If the biop y of the 
tumor material taken at operation shows a 
profusion of giant cells recurrence is par 
ticulorly apt to take place and more than 
Ordinary thoroughness in removal and curet 
tage and the u«c of bone chips is indicated 
in these cases —Ed ] Where the tumor is 
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extensue, and the resulting cavity large, a 
tibnl bone transplant is often an aid in 
securing regeneration of bone Fine silk is 
used for the sl>,in care being taken to main 
tain accurate approximation The toumi 
quct IS remo\ ed and a bulky gauze dre^mg 
with sterile sheet rvadding and a snug flan 
nel pressure bandage is applied Plaster 
encasements or splints are used t\here m 
dicated 

For the first 72 hours after operation the 
part IS kept elevated \Vben the skin sutures 
are removed the wound is redressed still 
maintaining moderate pressure as at the 
initial dressing Great care is taken to pre 
vent 1 pathologic fracture In lesions of 
weight bearing bones the use of caliper 
splints is indicated until roentgenographic 
examination shows adequate bone regenera 
tion In some cases the slight degree of 
involvement permits a very brief period of 
restraint in others some months are re 
quired for the bone defect to be filled up 
sufficiently to permit full function with 
safety 

Radiation Therapy Where experience 
in the surgical treatment of this condition 
IS lacking roentgen therapy is the safer 
procedure This form of irradiation, we be 
lieve has many advantages over the radium 
pack For n tumor occupying a relatively 
superficial position— around the knee where 
the majority occur— a voltage of from 12S 
lo ISO kilovolts with n 4 Mm aluminum 
filler, at a target skm distance of from 25 
to 30 cm IS preferable Moderately heavy 
do«cs are given with the above factors a 
suberjlhema or threshold dose {approxi 
mately SOO roentgen units depending on 
the sire of the port) being administered at 
1 single treatment The ports are treated 
at intervals of from four to seven da)s A 
cycle might consist of four exposures two 
to each port 

It should be borne in mind that these 
do<^?s arc only rough approximations Due 
lo difference in the size and depth of the 
tumors and the marked variations m radio* 


sensitivity, there can be no standard method 
or dosage laid down in the roentgen therapy 
of giant cell tumors 

As a rule, regeneration and healing re 
quire a longer period under radiation than 
under surgery, so that in the former group 
the supporting casts and braces must be 
worn over a longer period of time 

Cavernous Angioma, Plexiform 
Angioma 

These are exceedingly rare conditions of 
bone They are so seldom encountered that 
their treatment has never been standard 
ized Radiation might control extension of 
the process Surgery would require removal 
of the diseased area and this might entail 
either segmental resection and massive bone 
graft or amputation 

Bone Cyst 

The similarity of this condition to giant 
cell tumor has been frequently described 
therefore while it tends to be a regressive 
process rather than a progressive one the 
treatment is similar Conservative surgery 
IS the method of choice of many authori 
ties including Von Haberer, Hoffmeister, 
Tavernier Mouchet Dujaner, Heitz Bayer, 
Ombredonne Bloodgood Sisk and Painter 

According to Sisk 

In the treatment of osteitis fibrosa cystica 

sctvabve surgery, at the time the lesion is 
discovered The uniform success obtained by 
surgery with a comparatively short conva 
lesccnce period argues against long periods 
of watchful waiting 

If a pathologic fracture has occurred in 
a bone cyst not previously recognized, 
manipulation to obtain satisfactory posi 
tion, followed by immobiUzation, will 
result in healing of the fracture, and some 
times the cyst al<o will heal without further 
interference However, the latter may per 
sist, and later re fracture may take place 
[The popular conception is that fracture 
through a bone cyst results m healing of 
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the cyst spontaneously in the great majonty 
of cases This is not so Careful studies on 
a considerable number of cases ha\e shown 
that only about 18 per cent of bone (ysts 
through which fracture bas occurred dis 
appear spontaneously Eight} two per cent 
either remain unaffected, or actually ex 
tend after the lesion although the fracture 
almost in\ariably heals without difficulty — 
Ed] 

We recommend the following operation 
ejiposure of the bone at the area in\olved 
removal of a rectangular t\indow large 
enough to give access to the entire cavity 
a thorough curettage of the contents down 
to intact cortical bone The cavity may then 
be swabbed out with zinc chloride, or car 
bohc followed by alcohol and flushed with 
saline solution or Dakins solution The 
rectangular fragment previously removed 
IS then replaced in the cavity and wedged 
firmly into the medullary cavity where it 
ser\ es as a graft (some surgeons prefer to 
fill the cavity with bone chips) The wound 
IS then carefully closed in layers without 
drainage, and a voluminous, «nug dressing 
applied with firm pressure Support by 
oplints or plaster casing is u«ed if required 
to prevent a subsequent fracture from 
occurring 

^ A prompt filling in of (he cavity with 


bone is the expected result of such treat 
ment Recurrence is rare if the procedure 
IS carefully carried out 

Radiation Therapy The possibility of 
damage to adjacent growth centers follow 
mg roentgen ray exposure of nearby cj’stic 
areas makes some dmicians hesitant about 
employing this method In some of our cases 
it has produced excellent results in causing 
a filling in of the cyst Our preference, bow 
ever, is for surgery (for accessible lesions), 
which we believe gives more certain re 
suits 

Prognosis The prognosis for a satisfac 
tory result both functional and anatomic, 
IS good There should be no danger to life 
or limb nor any occasion for a mutilating 
type of operation, and there «hould be 
no mortality The fracture seldom re- 
sults in marled deformity and usually heaU 
promptly WTien the cystic area is extensive 
and the fracture compresses this area, some 
shortening may result although it s mmi 
mized by the natural tendency of children 
spontaneously to overcome such shorten 
mg Therefore, with the exception of lesions 
of the lower extremity, this is of little im 
portance Neglected cases may develop 
a bending deformity when unprotected 
weight bearing is permitted over a consider 
able period of lime 


Resuits in a Series of 26 Cases or Bone Cvst 


Treat net t Employed 


1 No treatment 

2 Treatment of fracture only 

3 Curettage alone 

4 Curettage after fracture 

5 Curettage plus graft 

6 Curettage plus radiation 

7 Treatment of fracture plus radiation 

8 Radiation alone 

9 Radiation— later fracture— malumon requiring osteotomy 


Results 

Nat 

Coed Pair Poor Trace! 
0 0 0 1 

4 0 0 0 

5 0 0 0 

5 0 0 0 

2 10 0 

10 0 0 

2 0 0 0 

2 10 1 

0 10 0 


Totals 


21 
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MALIGNANT TUMORS OF BONE eral methods of uUlizmg the material 
“ obtained If there is but a minute amount 

Osteogenic Saecoma of the smear is the only suitable one 

Spcaal emphasis should be laid upon the In case large plugs of tissue in ^Imdncal 
necessity of an early diagnosis m this type shape are expelled from the needle, as may 
of highly malignant tumor, since prompt happen under ideal conditions, a portion of 
treatment is of the utmost importance In the tissue may be hardened m formalin and 
establishing the diagnosis one should vjeigh paraffin sections made in the usual manner 
carefully all the factors involved, i e , the Many bone cases are extremely vascular 
patient s history, the clinical evidence, the and often yield what appears to be only 
roentgenographic findings, and the histo blood If the blood clot is hardened and 
logic appearance sectioned by the paraffin method, tumor 

Since a microscopic examination is es cells are frequently demonstrable The 
sential tissue must be available To obtain synngeful of blood may be expelled through 
this, an aspiration biopsy is usually ade a few thicknesses of gauze which filters out 

quate Before undertaking this step how floating particles of tumor These may then 

e\er a careful study of the roentgenograms be transferred to glass slides and smeared 
should be made since some osteogenic or, if of sufficient bulk, may be hardened 

tumors are of medullary origin and, there and sectioned In the majority of our casw, 

fore are not approachable with an as two or more of these methods are used as 
pirating needle through the intact normal checks on one another 


cortical bone 

Technic of Aspiration Biopsy The 
selection of the proper site for aspiration is 
more difficult in deeply situated tumors 
than in those on the surface Aside from 
the anatomic relationships, central tumors 
ire frequently encountered in which the 
bony shell may or may not be still intact 
If roentgenograms show that it is broken 
at any point, it is advantageous to aspirate 
there 

Novocame infiltration of the skm and 
soft tissues IS advisable before passing 
through to the deeply seated bone tumors 
Adequate infiltration renders the procedure 
pnclicallj free from pun A brief gas 
ox>gen anesthetic can be used if conditions 
warrant It maj be necessary m young or 
very nervous subjects 
There are se\eral possible explanations 
for the failure to obtain cells Some fibrous 
tumors, such as the osteogenic fibrosar- 
coma, may, by their texture, present great 
difficulty m aspiration The technic may 
be faulty It seems certain that practice is 
necessary m order to obtain a high per- 
centage of positive results There are se\- 


Technic The spemal paraphernalia re- 
quired IS an ordinary 18 gauge needle S to 10 
cm in length (which should be new and sharp) 
and a 20 cc Record syringe For the preser 
vation of the specimen, glass slides and a 
specimen bottle with 10 per cent formalin are 
needed 


lae sLin at the site of the mtended punc 
ture IS painted with iodine and a small area 
of skm infiltrated with 1 per cent novocame 
With a bistoury pointed scalpel (No 11 Bard 
Parker blade) a stab wound is made throueh 
the skm with the instrument held at rieht 
angte to the skm surface This puncture of 
the skm facilitates insertion of the needle An 
18 gauge needle attached to a tightly fitting 
Record syringe is then inserted and advanced 
slowly through the superficial tissues until the 
point IS felt to enter the suspected neoplastic 
mass Guided by palpation with the disengaecd 
band, it is striking how readily a difference m 
consistency of the tissues can be felt as the 
needle enters a mass of neoplasm ^Vhen the 
point of the needle is felt to enter the tumor 
the piston of the syringe is partly withdrawn 
M as to produce a vacuum and the needle 
slowly advanced 1 to 3 cm , depending on the 
anatomy and size of the tumor Mamtaimna 
Ute vacaum, the needle is then wilhdravm to 
the same distance and advanced again This 
niantpulation may be repeated two or three 
times at the discretion of the operator, care 
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being taken to maintain the \’acuum nhen the 
needle is ad\anced or partly withdrawn As 
piration with the needle at rest is not sufficient 
to draw tissue into the needle in most cases 
By advancing the needle and aspirating simul 
taneously, a plug of tissue is both for^ and 
draivn into the needle Maintaining suction 
during partial withdraw al detaches the plug 
of tissue already within the needle We have 
found this detail to be very essential Before 
the needle is completely withdrawn from the 
tissue the piston must be slowly released until 



Fig 29i (Left) Osteogenic sarcoma 
with narrow attachment to femur Prob 
ably malignant transformation of osleo 
chondroma (BoneSarc Reg No 2249) 
(Apr 2, 1937 ) 

Fig 294 (Rtglit) Same ca«e nine 
months after resection of tumor and its 
base No evidence of recurrence three 
and one-half years after operation 

the pressure In the needle la equalised, or 
better still, the syringe detached and the 
needle withdrawn «ieparalely, othenvise the 
aspirated material will be suddenly drawn and 
splashed over the interior of the syringe, mak 
mg its collection difficult While the neHIe is 
being advanced and withdrawn under negative 
pressure, a small quantity of blood mixed with 
fragments of tissue may enter the syringe, or 
a solid cylindrical mass of tiaue may appear 
In other cases, especially in the firmer masses, 
the syringe apparently remains empty, but 
after withdrawal the needle is usually found 
to contain a plug of tissue 
After complete withdrawal of the apparatus, 
the syringe is detached from the needle, filled 
with air, attached, and the contents of the 
needle slowly and carefully expelled on a glass 


slide A ‘imall fragment of tissue should be 
left on the slide for smearing and the re- 
mainder placed m the specimen bottle for 
fixation and staining by regular methods If 
the needle is empty, small masses of tissue can 
almost always be found mixed with blood m 
the syringe, and the<e should, if necessary, be 
very carefully searched for One or two of 
the e small masses can readily be fished out 
upon a glass slide for smearing and immediate 
staining In any case where the syringe con 
tains blood or any tissue, formalin from the 
specimen bottle is poured into the open barrel 
of the syringe, agitated and returned to the 
specimen bottle 

Surgical Biopsy This procedure some 
times condemned, is, nevertheless, occa 
sionally necessary to establish the diagnosis 
If done under proper conditions in selected 
cases. It has not seemed objectionable The 
wound should invariably be carefully dosed 
in layers and every effort made to insure 
primary wound healing Packing or dram 
age should never be employed, as infection 
and fungation arc prone to follow The 
biopsy should include characteristic tumor 
tissue, if this IS lacking an incorrect diag 
nosis will result The procedure should be 
carried out preferably by the surgeon who 
IS to have charge of the subsequent man 
agement of the case Where aspiration 
biopsy has been tned unsuccessfully, re- 
sort must be had to surgical biopsy before 
undertaking any such radical measure as 
amputation It is more difficult for the 
pathologist to render a definite diagnosis 
on matenal obtained by aspiration biopsy 
than on blocks of ti<^ue taken by surgical 
biopsy Unless such experienced pathologic 
assistance is available, the aspiration biopsy 
bad better not be attempted [Many men 
believe that biopsies on su«pected malig 
nanues of the extremities should be done 
under a single or double tourniquet The 
utmost gentleness in bandhng the tissues 
should be exercised to avoid the possibility 
of initiating metastoses It is al^o held that, 
if an operative biopsy is to be done, it 
should be done with the surgeon, the pa 
tient, and his family prepared to have the 
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of unquestioned malignancy on gross or 
frozen section examination —Ed ] 

AnPICAL OSTEOCFNIC StRCOMAS 

Resort to amputation may be avoided m 
exceptional ca'es by attempting a wide re 
Reclion or cxci'ion of an m\ol\ed bone or 


yeui^ ui a..-—- - 

tmaed attempt to drsanmaate between 
those suitable for such methods and those 
requiring an immediate amputation 

Amputation Indications Amputation 
for osteogenic sarcoma should never be 
undertaken until tlie diagnosis has been 
definitely established While roentgeno 



Fig 293 Tig 296 Tie 297 


TiC 295 Boideiline ctrondromyaosarcoma, recurrent after three attempts 
at local extirpation (Bone Sarc Reg No 2083) (Feb 26, 1935 ) 

Fic 296 Same ca«e after segmental rejection of middle third of humerus 
and substitution oi massive tibial transplant (Feb 23, 1937) 

Tic 297 Same case, 18 months later Patient still free of disease, 3j4 years 
after resection 


Us tumor bearing portion Experience and 
ludgmeut arc necessari (or the selection of 
these cases The indications involve the 
presence of a low grade fibrosarcoma or 
chondrosarcoma which, by its location, 
lends Itself to resection or excision Some 
of these cases seem to have originated in a 
process closely akm to myositis ossificans, 
others originate m a pre-existing chondroma 
or osteochondroma That few of the re 
ported cases treated by such con«er\ati\e 


graphic evidence is oi great importance 
there ace other faotocs to be considered, and, 
in the final analysis, the microscopic evi- 
dence IS paramount Further corroboration 
of the diagnosis is afforded by chemical 
studies of the blood, i e , serum phos- 
phatase These diagnostic procedures sup- 
plement a thorough clinical investigation, 
a carefully elicited history, and a complete 
physical examination, the value of which 
IS not to be underestimated For example, 
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palpation of the groin or axilla may reveal 
extension to the major \eins m whidi event 
amputation would be futile This extension 
explains some of the prompt stump recur 
rences that occasionally are encountered 
During these preliminarj investigations, the 
part should be kept at rest If the sarcoma 
Is located m the lower extremitj, crutches 
should be used if it is in the upper ex 
tremitj a sling or a splint should be worn 



Fio 298 (Xe/<) Osteogenic sarcoma 
of proximal phalanx of fifth finger — an 
exceed ngly rare location for this disease 
(Bone Sarc Reg No 2246) (Feb 16 
1937 ) 

Fig 299 (Rig///) Same ca'e one year 
after resection of part of hand Patient 
well 2)4 years postoperatn e 


Amputation may be indicated in the hope 
of a permanent cure or as a purely pallia 
tive measure for the relief of pam, to prc 
vent fungation and infection or to rid the 
patient of a cumbersome, useless extremity 
In such cases the presence of demonstrable 
metastases is not a bar to amputation 
However, when palliation only is contcm 
plated, the life expectancy with and xnthout 
amputation must be considered If this is 
regarded as short amputation had best be 
abandoned The psychologic effect of re 
lieving pain and removing the offending 
member frequently justifies the procedure 


Level or Amputatiov Since m certain 
rapidly growing sarcomas there is an ex 
tension of the disease up the marrow cavity 
far beyond any roentgenographic indica 
tion, the rule that ampnlalion should nc er 
be performed through the affected bone is 
generally accepted as a wise one However 
when the lesion originates in the lower 
femur, and when roentgenographic and 
clinical examination indicate that a safe 
margin is to be afforded by amputating 
through the proximal fourth of the femur 
or even just distal -(o the lesaer trochanter 
then this site is greatly to be preferred to 
a hip joint disarticulation The latter af 
fords a most unsatisfactory opportunity for 
the fitting of an artificial limb and is a more 
shocking procedure 

In certain selected ca«es of low grade 
<arcoma of the «capula one may avoid a 
mutilating amputation of the upper arm by 
performing a total or subtotal di«arlicula 
tionof the scapula (Figs 300 301) 
PtEOPERVTivE Measlres \ roentgeno- 
gram of the lungs should be taken to ex 
elude demonstrable metastases Provision 
should be made for a transfusion during or 
after (be operation Skin preparation should 
be carefully carried out we prefer a 48 
hour preparation The parts are covered 
with sterile dressings 
An'estuesm In most cases nitrous oxide 
or ethylene with the addition of ether is 
entirely satisfactory Avertin is an excel 
lent basal anesthetic particularly in young 
children or m nervous subjects Cyclopro- 
pane IS ideal for the elderly or frail patient 
Because of the psychic disturbance as«o- 
aated with severance of a limb spinal anes 
Ihesia is used less frequently than before 
Teciimcal Considchaiions of Amputa 
■nov Since amputation is considered in an 
other chapter, only those details that seem 
particularly worthy of emphasis will be con 
sidered here (See Section Six, Chapters 
19, 20 and 21 —Ed ] 

Protection of the wound edges with ster 
lie towels IS to be recommended Blood loss 



malignant tumors of bone MS 

should ho scrupulously arorded by ftc use 

of a tourniquet* The latter is ™„ts are clamped and ligated An approai 

from slipping on the thigh or WPet a™ ^ ,„terrupted sutures of silk 

bj the use of Wyeth pins The ,s used for the fascia 

IS quickly applied and quickly ^ taken to ay Old inclusion of the 

our experience, it has never shpp , muscle Ordinarily, fascial flaps are planned 

controlled hemorrhage ^“d wdh sktn flaps, but tdloyv 

and ance must be made for their melasttcty 

rr^Lurae^relX .sited aud Muscle m large amounts quilled over the 



Fig 300 Before (/e/0 and after (right) excision of scapula for osteochondrosarcoma 
BtQcedure successive, no local tccurrence (.Courtesy^ Amer Jour Surg, 35 473 1 


doubly ligated with heavy silk or chromic 
catgut The nerve trunks are isolated and 
dissected proximaUy to permit of high liga 
tion, after which I per cent novocame fol 
lowed b> 95 per cent alcohol is injected 
slowlj with a fine gauge needle so as to 
swell ilic nerve trunk above the ligatures 
The part of the nerve below the ligature is 
then excised, thus avoiding the later de 
velopment of terminal neuromata or causal 
• A tourn quet is not applicable for mtcrscapulo 
VU racK d siTViculaviori and therefore the sob 
cUvian xcs«els si oulJ be secured at the outset 
T1 IS IS best accomplished by resection of several 
wd es of the clavicle (see Fig 302) 


bone IS undesirable for it 'loon becomes 
edematous cicatrized, painful, and renders 
hmb fitting difficult Skm closure is ob 
tamed by interrupted sutures of silkworm 
gut or silk pheed about 4 cm apart with 
further coaptation by means of hlichel 
metal clips or fine silk sutures 
In amputation stumps especially of the 
upper arm and thigh it has always been 
considered that some provision must be 
made for the escape of the serosanguineous 
fluid whidi inevitably accumulates where a 
limb js completely bifided These drains, 
however, should be of small cahber, soft! 
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Flo 301 Recurrent chondroma of vapula 
treated by partial exci«ton Patient nell II 
years later Although locally recurrent, the 
tumor lacked any e\adence of actual malig 
nancy, and complete remo\al oT tumor alone 
vras indicated Postoperatne convalescence 
was uncomplicated (Courtesy, Amer Jour 
Surg,3S 473 ) 





malignant tumors of bone 

A r^nitrf TCiih trol and ultimate cure can thus be attained 

as to avoid contact ^nin “ , 


major vessels furthermore they should be 
readily remo\able Soft rubber tubing of 
the size used for Carrel DaVin tubes is sat 
isfactory for thigh amputation In the upper 
extremity and in leg amputations roll rub 
her dam is used During the past two years 
the writer has gradually become convinced 
that by using silh throughout for all buried 
ligatures and sutures a complete closure of 
the amputation stump can be safely per 
formed This step has improved the course 
of these cases markedly The dressings are 
reduced in number and the period of hos 
pitalization shortened Primary wound heal 
mg without drainage has resulted in e^ery 
instance where silk alone has been used 
In only one case was there a late develop 
ment of a sinus wh ch healed after extru 
Sion of a silk knot 

Radiation Radiation therapy in osteo 
gen c sarcoma has not produced encouraging 
results Recoveries have been exceedingly 
rare While in some cases that have re 
ceivcd heavy radiation prior to amputation 
no viable tumor tissue was recognizable on 
histolonic examination in the majority of 
cases it must be admitted no such pro 
found change has taken place Clinical ex 
perience shows that after a maximal dosage 
of high voltage radiation has caused an 
apparent arrest of the activity of the tumor 
accompanied by relief of all symptoms and 
cessation of growth later there occurs a 
reactivation of the tumor with extension of 
the d sease distant metastases and death 
Coincident with the disappearance of 
pam and diminution in the size of the tumor 
following intensive radiation there is a 
nearly constant reduction m the scrum 
phosphatase levels Moreover tissue phos 
phatasc m heavily radiated tumors is re 
duced m comparison with cases amputated 
without preliminary radiation 
Attempts are still being made to control 
the primary growth with radiation by the 
supervoUage machine (1000 kilovolts) It 
is loo early to assume that a complete con 


in me iigm ui uic 

believe that the highly malignant forms, 
which make up the majority of all osteo 
ypir sarcomas mav profitably be treated 
by preliminary radiation If the case is 
operable, and permission for amputation 
can be obtained this procedure should fol 
low the radiation cycle and should not be 
unduly deferred 

In Qses havnng an inoperable setting or 
where permission for amputation is refused 



Fig 302 Sclerosing osteogenic sar 
coma Interscapulothoracic disarticula 
tion indicated 


radiation should be administered for its 
possible relief of pain and prolongation of 
life 

Radiation for pulmonary metastases 
however is of questionable value Where 
only a small solitary metastatic node 15 
present it has been our practice to crossfire 
It by u-sing small portals accurately placed 
but in general neither prolongation of bfe 
nor added comfort is gained by the radia 
tion of pulmonary metastases of osteogenic 
sarcoma 

Roentgen therapy Technic It is not 
within the province of this chapter to dis 
cuss m detail the methods of admmistra 
tion the dosage, or other factors concerned 
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A single example of the method employed 
at the Memorial Hospital for the preopera 
tue radiation of an osteogenic sarcoma of 
the lower femur is cited as follows (see 
Fig 303) 

Two rectangular portals anteriorly and 
two posteriorly are outlined to include the 
entire extent of the bone The dailj dose 
vanes depending upon the patient’s toler 
ante to the radiation , usually 200 roentgens 
IS given to each of too fields daily As illus 
trated m Fig 303, portals A and C, and D 
and n receive treatments on alternate days 
The lower portals, A and B, are usually 
given the maximum amount that can be 
tolerated by the shin This is from 2400 to 
3000 roentgens The upper fields must not 
receive sufilcicnt radiation to interfere with 
wound healing following the amputation of 
the limb at a later date The total dose to 
these portals is from 1400 to 1800 roent 
gens Of course, if no operation is planned 
because the patient’s consent is withheld 
or because the disease has reached an in 
operable stage, all portals are then given 
the maximum dose 

The factors usu3ll> employed are 200 
to 250 kilovolts, c current, 30 miUiatnperts 
50 cm target skin distance, and 1 5 hfm 
of cu filter 

Results i> a Sertts or 219 Cases or Osteogenic Sarcoma (Histologic Contirma 
TioN OF Diagnosis) Ocserved at Memorial Hospital from 1921 TO 1938 


Indeterminate Group 

Dead of unassociated causes and without recurrence 1 

Lost to follow up without recurrence 13 

Total 14 

Determinate Croup 
Failures 

Dead of sarcoma 166 

Lost to follow up, with disease 0 

Living, with disease 13 

Total failures 179 

Successjul Results 

Free of disease five or mote years 26 

Five jear survival rate 12% 


in high voltage therap> The surgeon must 
cooperate with a well trained radiologist 
and the latter s decision regarded as final 
Care should be exercised m planning the 
portals so as to include the widest zone 
po^ible on all sides of the area actually in 
volved by the disease If this is not done, 
some outlying portions may go untreated 
Excessive radiation of the soft tissues at or 
adjacent to the level of proposed amputa 
tion should be avoided, otherwise imperfect 
wound healing will complicate the post 
operative course 



Fic 303 Diagram of method of treat 
ing osteogenic sarcoma of lower femur — 
four portals two anterior, two posterior 
Note entire length of femur is treated 
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Ekdotiieuoma of Bone (Ewing’s 
Saecowa) 

This highly malignant primary bone sar- 
coma nhich, in most instances, involves the 
shaft of a long bone, is usually found m 
children and in young adults, and but sel- 
dom in individuals past the age of 25. It 
ne\er involves the epiphysis primarily It 
has a fairly characteristic roentgenograpbic 
appearance, however, examples are fre- 
quently encountered of close resemblance 
to osteogenic sarcoma and certain benign 
bone conditions— notably, pyogenic os- 
teomyelitis Tuberculosis of bone, luetic 
periostitis, and typhoid osteomyelitis are 
far less frequently confused Because of Its 
close similarity to subacute or chronic in- 
flammatory bone conditions, clo^ie attention 
must be paid to the patient’s history, the 
physical findings, and all laboratory proce- 
dures in order to arrive at a correct diag- 
nosis of endothelioma In the final analysis, 
the microscope is the most important factor, 
and yet there are instances where a micro- 
scopic examination may be misleading. 

Several cases have been observed in which 
a biopsy has been performed after one or 
Ino rather mild exposures to roentgen rays 
In these, while the sections revealed no 
demonstrable tumor tissue and the patholo- 
gist reported only “osteitis” or “inflamma- 
tion,” the subsequent developments proved 
this optimistic diagnosis to be ill-founded , 
in each instance the endothelioma proved 
fatal. Tliis error has led to the adoption of 
the rule that tn no case of suspected cn- 
dothcVioma should a single exposure of 
roentgen ray be given prior to biopsy or be- 
fore the diagnosis has been definitely estab- 
Ushed by microscopic exammotion. 

Biopsy. Experience shows that by as- 
piration biopsy a correct diagnosis is possi- 
ble in a high percentage of cases and is 
recommended in preference to operative 
biopsy— assuming, of course, that the former 
is performed at a hospital where the pa- 
thologist is equipped to mahe a diagnosis 
from this sort of material. The teekmc of 
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aspiration biopsy has already been de- 
scribed (See p. 341.— Ed.] _ 

For surgical biopsy, the most meticulous 
care in wound closure is essential, perhaps 
more so for this type of tumor than for 
anv other. Here there is a tendency toward 



Fig 304 Endothelial myeloma of 
femur suitable for preoperalive radia- 
tion followed by hip joint disarticula- 
tion 

profuse bleeding, rapid growth through the 
wound, and fungation at the surface. (See 
comments on surgical biopsy in osteogenic 
sarcoma, p. 342 —Ed.] 

Treatment. Since this is one of the most 
radiosensitive of all tumors, a well-planned 
course of radiation should be given in every 
instance after the diagnosis has been estab- 
hshed. Instead of a prolonged course with 
small daily doses, we believe a shorter series 
tiang larger doses is preferable. One should 



350 TUMORS OF BONES AND JOINTS 


utilize all a\ailable portals and treat the 
entire length of the affected bone from one 
articular surface to the other For example, 
if the primary involvement is m the raid 
portion of the femur, the portals chosen 
may be as follows upper anterior, upper 
lateral, upper posterior and lower medial, 
lower anterior, lower lateral and lower pos 
tenor This gives seven portals and a dosage 
to each port of 500 r may be given every 
"leven daj-s until 2000 r have been delivered 
to each port assuming that but one port 
IS treated per day Or a smaller dose, 300 r, 
may be used, and two ports treated each 
day until all have received eight exposures 
of 2400 r 

Following this treatment, the question of 
an amputation must be considered Since 
the records of the Bone Sarcoma Registry 
contain only one five year survival of cn 
dothelioma treated b> radiation alone, some 
authorities favor amputation after prelimi 
nary radiation Others believe that if no 
disease has been demonstrated beyond the 
scope of the primary radiation, the latter 
will be sufficient to control the local discn«e 
and that, therefpre, an amputation is un 
necessary It is very difiicult to decide which 
of these hypotheses is correct becau<e no 
matter how these cases are treated more 
than 90 per cent have a fatal termination 

It IS obvious that in a disease in which 
the treatment is so far from ideal, there will 
always be a wide divergence of opinion on 
therapy and the attitude of the profession 
will change from time to time M present 
either amputation or resection of the af 
fected bone— the latter in exceptional cases 
—seems justifiable, especially when a bone 
of the lower extremity is involved Even 
though the pro«pect of a cure by any method 
IS remote, there is less compulsion m urging 
an amputation for an endothelioma of the 
upper extremity One should invariably am 
putate proximal to the affected bone— never 
through It Since this disease shows an even 
greater tendency to extend along the shaft 
beyond the limits of apparent climcal or 


roentgenographic detection, unless Ibis pte 
caution IS followed a recurrence m the 
stump IS almost inevitable 
Constitutional Therapy Mixed Tox 
INS Of Erysipelas asd Baciffiij prodigionij 
(CoiEV) The use of toxins for this form 
of sarcoma has been advocated fay William 
B Coley It has been part of the therapy, 
in conjunction with radiation and amputa 
lion, m a majority of the small number of 
registered cases (Bone Sarcoma Registry) 
that has passed the five year survival 
period* It IS we believe worthy of con 
tmued u«e in this disease, in which less than 
S per cent of the patients live for five years 
or more We are quite unable to predict the 
value of the toxins in a given case, but we 
will continue to make it a part of the treat 
ment until further studies disprove its 
value While we admit that most of the 
cases of our personal series m which toxins 
fere used ultimately succumbed, still we 
have no five year survivals of endothelioma 
in which the toxins were not included as a 
part of the treatment (See table, p 351 ) 

Plasma cell Myeloma 
This condition sometimes termed tnulti 
pie myeloma, has an almost hopeless prog 
nosis It attacks those past middle life 
rarely appearing before the age of 45 (The 
skull, ribs, spine, and pelvns, as well as the 
major long bones are Ibe sites of destructive 
areas of bone resorption ) Its nature pre- 
cludes any form of surgery other than 
biopsy Solitary lesions have been described 
and we have encountered them, however, 
in no recorded case has the condition re- 
mained 'olitary or confined to a •'ingle area , 
later manifestations include a mulbplicity 
of lesions 

Aspirabon biopsy is peculiarly adapted 
to establishing the diagnosis in this disease 
Most of our cases have had successful aspi 
rations [For technic, see p 341 —Ed ] 

•The toxins were used m six of the 11 Tve year 
survivals of endothelioma n the Bone Sarcomi 
Registry (1940) 
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c „„.7irASES0rENi»lHELi0M* (Hktologic Contimahok of 
HO.F.A. FFOH I9M xo .93S 

0 

Indetermina te Group 
Determinate Group 

Failures 52 

Dead of endothelioma 2 

Lost to follov, up, with disease ^ 

Living, \Mth disease __ 

Total failures 
Successjul Results 

Free of disease five or more years ^ 

Living, free of disease, under five years 5 

Five year survival rate 


Treatment While roentgen therapy has 
produced marked palliation m some cases, 
in others the effect has been transitory or 
insignificant It should, however be used in 
an effort to alleviate pain, and should be 
pushed vigorously in cases where the le«ion 
IS solitary or where the disease involves 
only a few areas It is occasionally possible 
to obtain regression and sometimes exten 
sne bone regeneration and a comfortable 
state of health for a period extending over 
«e\eral years 

Pathologic fracture is a common occur 
rence, and may heal promptly following a 
moderate dose of roentgen ray Extremely 
heavy doses are to be avoided as they tend 
to prevent appreciable reparative bone re 
action 

WTiile Coley’s toxins have been given an 
extensive trial in a number of cases, the 
results have not been encouraging and we 
have abandoned the method in this type of 
tumor 

The rarer examples of tumors in the 
myeloma 'leries (myelocytoma, erythroblas 
toma, lymphocytoma) are so seldom en 
countered that little may' be said of their 
treatment For the most part they are 
exceedingly fatal and seldom offer opportu 
nities for succe^ful application of either 
surgical or radiation therapy 


Reticueum cell Sarcosu or Bone 

This rare form of primary bone tumor 
has only recently been definitely established 
as a distinct clinical and pathologic entity 
Parker and Jack«on (1939) have collected 
17 cases, including those entered m the Bone 
Sarcoma Registry and those observed in 
several large Boston hospitals Personally, 
we have noted eight cases in which the diag- 
nosis was confirmed by competent histologic 
examination 

So closely may the clinical and roent- 
genographic features of this type simulate 
osteomyelitis, endothelioma, osteogenic sar 
coma and even Hodgkin’s invasion of bone, 
that the diagnosis is seldom established until 
a study of tissue sections has been made 

The condition is osteolytic, and the new 
bone that may be seen in radiographs is 
reactive and not tumor bone It occurs near 
the melaphysis but may extend to the 
diaphyseal region It seems to expand the 
bone by pressure from within outward 
Overlying muscles may be invaded by direct 
extension 

Treatment Obviously, in a disease as 
rare as this, the mode of therapy is less 
firmly established than in diseases offering 
a greater opportunity for evaluating the 
various methods in use However, since the 
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lesion IS definitely radiosensitive it has 
seemed to us that Parker and Jacksons 
recommendation of amputation is somewhat 
open to question We have used radiation in 
all of our cases in no case was amputation 
performed 

Until the results m a larger group of 
ca«es have been compiled particularly with 
respect to the five year survival rate by the 
several methods of treatment i e amputa 
t on alone rad ation alone and amputation 
followed b> radiation of regional lymph 
nodes (as advocated bj Parker and Jack 
son) It is obvious that no hard and fast 
rules for treatment can be given It seems 
preferable to rely chiefly on intensive roent 
gen therapy to the affected bone and to 
reserve surgical measures for cases in which 
complete and lasting regression has not been 
obtained 

LtPosARcosiA. or Dq\e 

This 13 a rare variety of bone tumor Its 
identification is difficult if not impossible by 
clinical and roentgenographic e.ramination 
and IS usually made on histologic study 
only It IS an osteolytic lesion but may 
provoke reactive bone formation adjacent 
to the area actually involved It is usually 
medullary in orig n It is easily confused 
with osteolytic forms of osteogenic sarcoma 

Treatment This tumor is not so re 
sistant to radiation as are most forms of 
osteogenic sarcoma Therefore radiation 
therapy is worthy of an extensive tnal 
Amputation has resulted in several five year 
survivals Less rad cal surgery is seldom 
feasible 

hlETASTATic Carcinoma of Bone 

The frequency with which skeletal meta 
stases occur in caranoma of the wious 
organs is unquestionably far greater than 
IS generally recognized for many of these 
deposits in bone are silent cau«ie no symp 
toms and are not discovered Those that 
cause pain swelling or a pathologic frac 
ture are the only ones that ordinarily are 


radiographed and thus brought to light 
Certain cancers are much more prone to 
skeletal metasta«es than are others for 
example those originating in the prostate 
breast kidney thyroid lung or stomach 
are far more frequently found to have 
secondary osseous deposits than are those 
in the female genital tract The important 
th ng IS to recognize the bone metastases as 
such not confusing them with primary bone 
tumors myelomas or hyperparathyroidism 
f\s a matter of fact metastatic bone cancer 
exceeds in frequency all primary malignant 
bone tumors combined 

Treatment The prognosis under any 
form of treatment is absolutely hopeless 
yet in many instances relief of pain and 
prolongation of life are accomplished by 
radiation Roentgen thenpy should be 
planned so as to deliver effective doses to 
all the areas involved It is unnecessary 
to state that the entire skeleton should 
be examined rad ographically before com 
mencing therapy 

Extensive multiple involvement is usu 
ally assoaated with anemia WTien to this 
IS added the anemn produced by extensive 
treatments of wide areas by roentgen ray 
It becomes apparent that liver and iron 
therapy vitamin administration and occa 
sionally transfus ons are a necessary part 
of the treatment 

Since rad ation is employed chiefly for 
relief of pain very heavy or prolonged ex 
posures are not advisable They may pre- 
vent bone regeneration which, in radio- 
sensitive growths may take place to a 
remarkable degree Palliation at times i» 
striking and may be prolonged for a year 
or twm occasionally even longer Usually 
the re'spon'ie to the second or third cycle 
of radiation is less marked and there comes 
a time in every case when it is better 
judgment to suspend all active therapy 

Surgical Measures While the ind ca 
tions for chordotomy are less often met in 
metastatic bone cancer than in primary 
malignant disease of bone there may be an 
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occasional case in which this procedure must 
be considered 

Posterior root section or alcohol injection 
are tivo palliative measures that have not 
hitherto received the consideration they de 
serve The use of these procedures m a 
given case depends upon many factors some 
anatomic and others general They are less 
likely to be of value in cases in which the 
expected span ol life is short than in those 
with a slowly growing tumor indicating a 
long period of intense suffering 

(In the last few jears it seemed to be 
demonstrated that in cancer of the prostate 
with hone metastases striking regression 
and even disappearance of the metastatic 
lesions followed complete castreciomy often 
with apparent regression m the primary 
tumor Prostatic cases with known bone 
metastases or with high phosphatase levels 
indicative of bone metastases should be 
offered the hope inherent in complete cas 
Irectomy Unfortunately however the per 
manency of this change is now regarded 
with doubt Radiation to the testicles is 
not a substitute for operation —Ed J 

PAtnOLOCIC rRACTtTRE 

The treatment of this rather common 
complication of bone tumor depends upon 
the exact nature of the bone lesion i e 
whether pcvmry wr metastatve. bemgn wt 
malignant, single or multiple 
Some benign lesions require conservative 
surgery or mild radiation and the fracture 
then heals satisfactorily 
^\^lere pathologic fracture complicates a 
primary malignant tumor of bone amputa 
lion IS generally mevatable, although 


whether it should be performed immediately 
or after preliminary radiation depends upon 
all the factors of the individual case In 
general the outlook is bad and the amputa 
twn serves palliatively by ridding the pa 
tient of a painful encumbering and func 
tionless member 

By far the most common cause of 
pathdogic fracture is that due to metastasis 
from some cancer located elsewhere The 
organs most often the primary seat of bone 
metastasizing tumors are breast, kidney, 
thyroid adrenal and prostate 

An early diagnosis adequate support and 
radiation therapy may in many types of 
bone tumor delay or even prevent a patho 
logic fracture 

Amputation is seldom justihed for patho 
logic fracture due to metastatic carcinoma, 
particularly because of the completely hope 
less outlook often there are other wide 
spread areas of disease so that the expect 
ancy of life is short In the exceptional case 
where radiographs of (he remainder of the 
skeleton fail to reveal any involvement, 
radiation and suitable immobilization are 
indicated Particularly in breast carcinoma 
with pathologic fracture of the vertebral 
bodies, much can be done for the patient s 
comfort by proper support with plaster 
corsets, jackets, or spmal braces, coupled 
with radiation therapy We have seen a pa 
tienl with paralysis ol "both lower extrem 
ities treated by such measures survive in 
comfort for several years Judgment is re 
quired in assaying the proper advantages of 
radiation therapy m the'^e pathologic frac 
tures, and a knowledge of the probable 
radiosensitivity of the tumor has proved 
helpful 
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TUMORS or BONES AND JOINTS 


B TRE \TMENT Of TUMORS OF JOINTS 


Bradle\ L Coley, M D , and John C Pierson, M D 


Tumors of joints, tendon sheaths, and 
bursae are uncommon, but they undoubt 
edly occur more frequently than reports in 
the medical literature uould indicate Since 
their treatment is dependent upon a knonl 
edge of the various forms of tumor that are 
encountered in these locations the follow 
ing classification may be u«eful 
Benign Chondromatosis 
Ganglion 

\anthomatous giant<ell tumor 
Cvsts of semilunar cartilage 
Lipoma 
Fibroma 
Hemangioma 
Malignant S\ no\ loma 

Fibrosarcoma 

Myxosarcoma 

Liposarcoma 

BENIGN TUMORS 

Chovdsosiatosis 

This condition is characterized by the 
formation of multiple, discrete, pearly car 
ahaginous ’Docjies w’uidn may ’oe 'tree m Ybe 
joint or attached to the synovial membrane 
It IS found in adults between the ages of 
20 and 50, and la seen more often in men 
than m women The knee, elbow, ankle, 
hip, and shoulder are the joints involved 
in order of frequency Symptoms are mild 
pam, swelling, and stiffness of a joint A 
characteristic feature is the variable site of 
pam which may occur at widely dilfenng 
parts of the joint in successive attacks 
Differentiation from monarticular forms of 
arthritis may be done with the x ray film 
which shows numerous spotted calafied 
nodules 


Treatment The treatment, depending on 
the seventy of symptoms, may be con'erva 
live, or the loose bodies and synovial mem 
brane containing them may be exci«ed 

Ganciiov 

This IS a common condition usually found 
on the dorsum of the wrist, but it is also 
•seen occasionally on the dorsal surface of 
the foot or ankle It is a soft, wen<ircum 
scribed c>«tic tumor which starts by cellu 
lar thickening m the capsular ligament 
Later multiple cysts are formed by collage- 
nous degeneration the walls of which 
eventually break down to form a mono- 
locular cyst containing fluid similar to 
concentrated synovial secretion It is fre 
quently preceded by a strain or trauma 
In some instances a ganglion may com 
municale with the joint cavity, however, 
this condition is not generallv considered to 
be the herniation of a symov lal membrane 

Treatment Excision under the aseptic 
conditions of the operating room is the 
most Mtisfactory form of treatment This 
minimizes fhe'iiielihood ol mlection should 
the joint be entered A transverse incision 
as recommended by Bunnell leaves the best 
scar and allows adequate exposure The 
wround is closed without drainage, and the 
wruit may be immobilized on a cock up 
spbnt for a few days, although this is not 
essential Recently the injection of scleros 
ing substances, such as phenol m glycerine, 
tincture of iodine or sodium morrhuale, has 
been employed with varying degrees of sue 
ce»s It should be borne in mind, however, 
that serious joint disabilities may be caused 
by chemical irritation, where the substance 
comes m contact with the joint [See also 
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dinical features are pain, more or less con 
slant, and local swelling The tumor isusu 
ally palpable just above the head of the 
hbula It IS fixed, nontender, and often 
fluctuating 

Treatment This consists of excision of 
the cartilage and its cyst The operation is 
best done under a field rendered bloodless 
by a tourniquet and with the patient under 
general anesthesia The Fisher, Jonea, or 
Cave incision may be employ ed TTiese are 
curved inasions the last being horizontal 
over the tumor and curving upward at 
almost a right angle at its posterior ex 
tremity According to Campbell, the cyst 
is usually situated antenorly so that re 
moval of the anterior two-thirds of the 
cartilage will suffice If the lyst extends pos 
teriorly the entire cartilage should be re 
moved Care should be taken that the 
external lateral ligament is not injured 
Alter suturing the synovial membrane and 
the joint capsule the incision is dosed with 
interrupted sutures or dips A Ann bandage 
IS then applied and the limb is immobilized 
by a posterior molded plaster splint bolding 
the knee m slight flexion the position of 
maximum comfort Active motion may be 
allowed on the fifth postoperative day, and 
walking on the ninth day [See Chapter 38 
for further discussion of techmc in knee 
jomt procedures —Ed ] 

LlFOXlA 

Lipoma of joints is rare "Most reported 
cases occur in the knee or ankle, and are 
often associated with hydrarthrosis Some 
of these tumors may be vnsuahzed by radio- 
graphic studiK The treatment, however, 
consists m exploration of the joint and re 
moval of the lipoma If diffuse lipomatosis 
IS found, complete synovectomy may be 
required to relieve the symptoms 

Fissovia 

Thii tumor rarely affects the joints or 
tendons It is nodular, hard, of extremdy 


slow growth, and is usually painless and 
only sli^tly tender The treatment is sur- 
gicd Excision is suffiaent but in certain 
locations this may require partial capsulec 
tomy As in operations upon the fingers in 
general, one should endeavor to expose the 
tumor through lateral inasions to avoid a 
scar that is tender and may limit full 
function 

Hemangioma 

Razemon and Bizard in 1931 collected 
74 cases of primary tumors of the joint of 
which 17 were angioma Geschickter and 
Copeland reported two cases from the Johns 
Hopkins Hospital laboratory, and Haas de 
scribed a case of hemangioma of the knee 
which bad invaded the lower portion of the 
articular surface of the femur producing 
bone destruction 

In a persona] communicaUon, Knda* 
states that he has operated upon three cases 
of extensive hemangioma of the knee joint 
apparently of synov lal origin The diagnosis 
vras made at operation in the first two ca«es 
and preoperative cluucal diagnosis was 
made in the third case on the basis of a 
boggy thickened synov lal membrane, slighUy 
increased local heat, and, particularly, on 
the presence of a small superficial mass of 
dilated veins overlying the patella This was 
a finding m the two earlier cases, the sig 
nificance of which escaped observation He 
describes these cases briefly as foUowa 

Case I, male aged 48 years, who presented, 
ID the X ray, advanced osteo-arthntic changes 
in the knee joint, some abnormality of the 
koee jowt havmg been present for many years 

One year after synovxal excision, this patient 
came under the care of another surgeon who 
perlonned an amputation in the belief that 
there had been a recurrence of the tumor Ex- 
amination of the specimen, however, revealed 
no evidence of a recurrence 

Case II, female, aged 34 years, had an 
arthrotomy presumably for a tom »;emiliinnr 
cartilage six years prior to op«ation by Dr 

• Ardiur Knda J.I D New York personal com 
mtmicatica dated hovember 14, 1941 
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Knda The latter excised a large synovial 
hemangioma involving the whole of the in 
tenor of the joint Patient pronounced dim 
cally cured eight years later 

Case III, mate, aged 2 1 years, whose symp- 
toms Merc of a minor nature but who pre- 
sented a boggy enlarged knee joint with 
significant varicosities A complete excision of 
(he hemangioma was done, and the patient 
was pronounced clinically cured one year later 

These tumors occur most frequently m 
)oung adults They usually develop in the 
knee joint Symptoms are intermittent pain 
and swelling often assoaated with activity 
Some observers have found Che Cumor to 
have a characteristic boggy feeling, occa 
sionally pulsation can be felt 

Treatment Arthrotomy and excision may 
be done where the tumor is well localized 
Knda employs the “general utility incision,” 
le tlie median parapatellar incision (Sec 
knee joint operative technic, Chapter 38 — 
Cdl 

In tlie case of extensive involvement irra 
dinion therapy is preferred This failing, 
recourse to complete synovectomy or joint 
resection may be necessary Careful hemo 
stasis is especially important as severe 
hemorrhage may otherwise result, although 
no case of fatality has been reported If the 
tumor IS accessible, sclerosing solutions such 
as sodium morrhuate may be of value A 5 
per cent solution is used and the treatment 
carried out in stages until sclerosis of the 
injected portions has been accompfished 
High voltage roentgen therapy has been suc- 
cessfully employed It is advjs.able to con- 
clude an incomplete operation upon an ex- 
tensive tumor by postoperative irradiation 

hIALlGN/\NT TUMORS 
Synovioma 

This lesion ansci from synovial mem- 
brane and may, therefore, be found wherever 
synovial tissue exists It may occur as an 
Ultra- or para articular tumor It is highly 
malignant, although some auUiora believe 
that less malignant forms are sometimes 


encountered It is of rare occurrence , hovv- 
ever, case reports have appeared with in- 
creasing frequency since its identification by 
Smith in J927 A small painless lump situ 
ated near a joint may be the only sign The 
most frequent site is the knee, other joints 
being the fingers, ankle, and metatarsus 
None has been reported in the hip, elbow, 
or shoulder (we have however, encountered 
a case involving the shoulder) [A case 
involving the elbow has been treated by 
Dr William Darrach on the Fracture Serv- 
ice of the Presbyterian Hospital It was 
treated by disarticvhtion at the shovider, 
and was free from any evidence of metas- 
tases for nine years, but is now showing 
evidence of pulmonary roetastases —Ed ] 
Adenopathy does not occur and the signs 
and symptoms are of little aid m the diag- 
nosis which js determined definileJy by 
biopsy 

Treatment /Vny operable tumor of the 
joint which by Us location, suggests the 
possibility of 3 synovioma should be widely 
exased Indeed, the possibility of a synovi 
oma should prompt one to excise widely 
any suspicious nodule near a joint If histo 
logic study confirms the diagnosis then 
postoperative radiation by the fractional 
dose method may be given, although its 
value IS open to question If the disease 
recurs, an amputation is imperative, pro 
viding the lungs are free of metastases 
hlorcoicr, if a complete excision is impos 
sible, immediate amputation should be rcc 
ommended If inoperable, or if amputation 
IS refused, roentgen ray or radium therapy 
should he employed Coley’s toxins may be 
of value as a prophylactic measure against 
recurrence or metastasis In general it is 
believed that early treatment has been far 
too conservative, thereby rendering hter 
measures ineffectual The point of election 
for amputation in cases occurring m the 
knee is the midthigh , for those in the ankle, 
about SIX Indies below the knee, and for 
those in the hand, at the midforcarm 

\\ hen these malignant tumors mvadc the 
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hip joint, pelvis, ■spine, shoulder ginUe, or 
other inaccessible portions of the body, 
radical operative interference is generally 
inadvisable Such operations are seldom suc- 
cessful and they carry a high mortality A 
possible exception may be made in the case 
of the shoulder, where, if the disease is 
localized to the shoulder joint, it may be 
removed by interscapulothoraac amputa 
tion 

As to the form of radiation to be em 
ployed, implantation of radon gold seeds or 
removable radon needles is seldom ap- 
plicable to this group of malignant tumors 
External radiation by roentgen rajs or the 
radium pad». is preferable, although onlj 
palliative m effect 

Preoperative radiation cannot be con- 
sidered a sound procedure, for not only does 
It delay the diagnosis but also it increases 
the difficulty of operation, predispo es to 
infection, increases morbidity, and makes 
an evaluation of surgical and radiation 
therapy most difficult 
Postoperative radiation should be given 
where complete exasion has been impossi 
ble The proper dosage is a highly teebmeal 
problem which requires speaal knowledge 
FreROSAacouA, MyxosAicouA, 
Liposakcoma 

These tumors may arise from the joint 
capsule or invade it by direct extension 
They are rare, but as in the case of synovi 
oma may be relativ ely localized in the early 
stages Signs and symptoms are by no means 
characteristic Pain may be severe, C'^pe 
aally so m recurrent lesions Effusion may 
be seen where the tumor has become very 
large, thus leading to pressure and irritation 
Treatment In general the treatment 
should follow the same prinaples as tho«e 
laid down for synovioma Amputation prom 
ises the best outlook where the tumor is 
situated below the knee or elbow joint 
Wide local excision of neoplastic disease 
involving joints is indicated only for benign 
tumors, the malignant types being best 


treated by amputation Often the disabihty 
inadent to an amputation and the wearing 
of an artificial limb u, lesa than that which 
fallows a resection Joint resection is, in 
general, inadvisable 

Lipoma, fibroma, and joint cyst are usu 
ally localized so that wide exposure of the 
joint IS unnecessary, but xanthoma, heman- 
gioma, and, m rare instances, diffuse ebon 
dromatosis may involve the entire synovial 
membrane In such cases complete synovec- 
tomy must be done All diseased tissue must 
be removed Should the crucial or lateral 
ligaments be divided in the knee joint, the 
fibrosis resulting from so extensive a pro 
cedure lends support to the joint 
Impairment of function following syn 
ovectomy may range from 50 to 15 or ID 
per cent, the wide difference being explained 
by the age of the patient as well as by the 
duration and nature of the pathology 
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Tumors of Muscle, Fasciae, and Tendons 


Clay Ray Murray, M D 


MUSCLE TUMORS 
Benign Tumohs 

Primary muscle tumors are rare By far 
the majority of them are bemgn m nature, 
and require nothing more than local exa 
sioa with repair of the defect created by 
operation (See Chapter 42 for technic of 
muscle suture ) A characteristic useful id 
diagnosis m benign muscle tumors is the 
fact that they are freely movable when the 
muscle involved is rela.\ed, but are hied 
when the muscle is contraaed Absence of 
dearly defined limits and progressive and 
rapid increase in size should lead to sus 
picion of malignancy, and prompt biopsy 
for diagnosis Suspected hemangiomata, 
however, should be biopsied with caution 
(see below) 

Among the benign tumors which are well 
encapsulated and which can be treated by 
the technic described above are (1) the 
fibromata, which are firm, and may feel 
almost cartilaginous, (2) the lipomata, 
which are soft and even semifluctuaot, and 
(3) the rhabdomyomata, which appear dis- 
tmcUy circumscribed and in which the 
musde fibers on microscopic section appear 
for the most part normal and adult, with 
stnations approaching the normal m ap- 
pearance Occasionally the stnations are 
indistinct and difficult to see, and only the 
staimng reaction and the fact that the 
nuclei are present m parallel arrangement 
along the edges of the broad fibers compos 


ing the tumor identifies its real character 

AH supposed benign tumors should be 
biopsied at the time of, or preliminary to, 
their removal A supposed benign fibroma 
may be a fibrosarcoma or an earl> "ipindle 
cell sarcoma, and a supposed benign rhabdo- 
m>oma may be an early example of the 
malignant and serious form 

One form of fibroma situated m muscle 
IS of special note This occurs in the an 
tenor abdominal wall, and most frequently 
in the rectus abdominis The vast majority 
of the cases— -90 per cent or more— occur in 
women, but rather infrequently in nuUi 
para These are commonly known as des 
mold tumors, and hav e been called recurrent 
fibroids by Paget because of a tendency to 
recurrence after removal They are never 
theless usually considered benign and never 
metastasize IVhen they are encountered, 
however, they should be rather widely re- 
moved 

Hemangioma of muscle occasionally exists 
as a localized mass re<iembling a hpoma m 
consistency Sometimes, as a result of an 
aitenovenous aneurjsm, a bruit can be felt 
Such tumors usually are of the cavernous 
tjpe, but they may merely represent a col 
lecUon of dilated \ eins which is not properly 
a tumor If they are opened into in the 
course of removal, the bleeding is very brisk 
and difficult to control It is therefore wise 
to use a tourniquet m their removal, and if 
the condition is suspected before operation 
a venogram is exceedingly helpful in con 
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firming the diagnosis and m giving a deiinite 
idia of the extent and character of the 
tumor The commonest sites are m the 
biceps and triceps muscles m the upper 
arm, in the muscles of the forearm and m 
the muscles of the lower leg, particularly 
the calf muscles, and the stemomastoid The 
tumor IS not particularly amenable to x ray 
or radium treatment, and excision or cautery 
(or both) is the indicated form of treat 
ment Sclerosing injections have been used 
but they have not been proved of value to 
dale 

The taking of a venogram when heman 
gioma IS suspected is the part of wisdom 
for another reason What appears to be a 
localized tumor to palpation and soft part 
X ray may in fact be an extensively infil 
Italing mass When the diffuse or infiltrating 
form IS present whole muscle belties—or 
most of the muscles of the part together with 
the subcutaneous tissues— and the fascia 
may be involved Such cases present a 
major problem in surgery, and a venogram 
may prevent operation on a diffuse and tn 
filtrating mass of venous channels which is 
far loo extensive for removal, and which 
may require amputation 111 advised at 
tcmpis at removal of these diffuse lesions of 
large extent frequently end in disaster The 
distribution of these tumors is that de 
scribed above for the localized form 

Maligxas'T Tvmoss 

The primary malignant tumors of muscle 
are (1) the fibrosarcoma (spindle cell), and 
(2) the rhabdomyoma of the embryonal 
type The two are often confused, since the 
mixed tumor may contain muscle fibers of 
embryonal tjpe To be classed as rhabdo 
niioma of the embryonal tj'pe the tumor 
must be composed practically of only cm 
biyonal muscIe fibers in the form of long 
or short «pindles showing definite transverse 
stnatioQs 

Fibrosarcoma m muscle arises from the 
connective tissue elements therein It vanes 
greatly in its speed of grow th Early in their 


course, when small, they are usually well- 
encapsulated and can be removed without 
diAicuity Later they often tend to grow 
more rapidly, to infiltrate and then to 
metastasize Even when small they tend to 
recur locally after excision They are quite 
vanable in their response to x ray and 
radium, and these agents can be safely used 
only in conjunction with surgery 
Wide local excision under tourniquet fol 
lowed by x ray or radium is indicated for 
the early well circumscribed and easily re 
movable tumors If the infiltration is con 
fined to a single muscle, or to a removable 
group of muscles complete excision under 
tourniquet of the affected muscle or muscle 
group may be possible wide of any evidence 
of tumor If so the procedure should be fol 
lowed fay the use of x ray or radium Biopsy 
at the time of operation may be of great 
help in deciding on the wisdom of exasion 
as opposed to amputation m these cases m 
accordance with the apparent malignancy 
indicated by the sections Where the tumor 
is rapidly growing and definitely infiltrat 
ing or when it is so extensive as to preclude 
wide exasion of all affected tissue, amputa 
Uon well above the upper limits is indicated, 
followed by x ray to the regional nodes 
Prophylactic x ray to the lungs is not today 
regarded in general as of value or indicated 
Needless to state, when fibrosarcoma is 
suspected, preliminary x ray of the lungs 
for metastoses is essential before any oper- 
ative procedure is contemplated, since the 
presence of lung metastoses is an absolute 
contraindication to operation, and an indi 
cation for palliative x ray therapy 
Overconservatism m resorting to local ex 
asioo, particularly after one or more local 
recurrences, is a fault m the treatment of 
these cases The behav lor of the tumors is so 
variable tiiat it is often difficult or impos 
sible to tell what is going to happen 
The embryonal rhabdomyomata are dis- 
tinctly malignant in nature The author has 
seen three proved cases evidenced by dif 
fuse enlargement of the muscles of one side 
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of the bach One of these cases was picked 
up in a routine school exammaUoa la each 
instance the tumor was extensive and in 
filtrating, and all three died with direct 
extensions involving the spine and nbs and 
with generahzed metastases to the lungs, 
despite extensive and apparently complete 
removal in tivo of them They are not radio 
sensitive, and radiation or radium in them 
selves or postoperative are not of help The 
prognosis is distinctly bad Radical exasion 
and postoperative X ray, however, are all we 
have to offer 

FASCIAL TUMORS 

There are only three types of tumor which 
are commonly primary in fasaae They are 
(1) the fibromata and (2) the xanlhic tu 
mors which ate henign, and (3) the fibco 
sarcomata (spindle cell) which are mahg 
nant 

Fibromata are rare \VheD they do occur 
they usually occur in the fasaal sheaths of 
muscles Assurance must be had by biopsy 
that they are not fibrosarcomata m an early 
stage The treatment IS local exasion, which, 
however, should be wide because of the 
strong probability that they are early fibro* 
sarcomata 

The xanthic tumors or xanthomata oc 
casionally occur in fascia as small tumors, 
one to two inches in length They are pmkish 
>ellow or grayish yellow in color, and re 
quire nothing more than local exaston 
There is considerable quesliou as to 
whether or not they are tumors They may 
represent merely granulation tissue forma 
tioD and hpoid degeneration with phago- 
cytosis following injury and hemorrhagic 
infiltration They are charactenzed by the 
presence of both foam’ cells conUmmg 
the lipoid material and foreign body giant 
They are well encapsulated, and are 
certamly not malignant 

The fibrosarcomata ("ipindle cell) of 
fasaa are subject to all the remarks made 
m discussing the same lesion m muscle 
Fibrosarcoma may invade the underlying 


muscle secondarily or the overlying subcu 
taneous tissues The same general rules for 
treatment apply here as were aled for the 
same tumor m muscle It occurs most fre 
quently possibly in the fascia covering the 
scapular mu:,c!es 

TUMORS or TENDONS 
Tumors of tendon sheaths may be benign 
or malignant. Both are uncommon 

Bemcn Tumoks 

These include Iipomata, xanthic tumors, 
the so called giant-cell tumor, and, much 
more rarely, fibroma or chondroma 
Lipoma This occurs m the tendon 
sheaths m one of two forms It may exist 
as (1) a sobiary tumor, or (2) as a growth 
smular to the lipoma axborescens, which is 
found iQ the Ince joint and in other joints 
The commonest sites for fatty tumors of 
the tendon sheath are m the palm of the 
hand aod in the region of the anUe 
SiximrouATOLocv is that of low grade 
tenosynovitis m the region affected with or 
without some noticeable enlargement. Since 
the tumors are slow growing and do not 
commonly produce much m the way of 
visible swelling, they are often treated for 
considerable periods of time as a chronic 
tenosynovitis without much success Oper 
ative exploration is usually necessary to 
establish a positive diagnosis Many of them 
give little or nothing in the way of symp 
toms Where suffiaent symptomatology is 
produced to constitute a disabihty, exasion 
of the tumor mass plus any adherent tendon 
sbeath IS mdicated In the lipoma arbor 
escens type considerable tendon sheath will 
occasionally have to be sacrificed. 

Xanthic Tumors. The xanthic tumors 
nearly always mvohe the tendon sheaths of 
hand and fingers They present the same 
picture as that described under xanthic 
tumors involving fasaae [See above ] A 
history of injury is common, but one must 
remember Umt a history of injury to the 
bands is not unusual They are again in- 
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eluded here with due regard for the fact 
that in accordance with the opinion of many 
they may not be true tumors, but may repre 
sent an inflammatory reaction to physical 
or other forms of trauma with the pro 
duction of a granulaUon tissue like mass 
conUining giant cells and characteristic so 
called foam cells containing lipoid par 
tides They also contain changed blood 


tumors or TENDONS 

The so called giant cell tumor or myel 
Old tumor of tendon sheaths is the com 
monest benign tumor and is found almost 
exclusively in the flexor tendons in the palm, 
and nearly always m the region of the distal 
or proximal palmar crease It grows very 
slowly and produces very little in the way 
of symptomatology apart from mild symp 
toms of tenosynovitis in the affected sheath 
Ulumately a localized swelling becomes 


uc.k-j j — 1 mlnr Ulumateiy a locaiizeu bwciuug 

pigment wludi is ''csponsible J palpable This tumor is characterized by the 

They are prepuce of giant cells and presents quite 

,n the way of discomfort or di^ahilay uol^ 


Uiey are constantly traumatized The treat 
ment is simple excision with the involved 
portion of the tendon sheath 
Occasionally a tumor wiUi all the mor 
phologic diaraclenstics of xanthoma is seen 
m the tendon sheaths in the region of the 
ankle joint The author has seen one such 
case m which the process was an invasive 
one originating in the region of the peroneal 
tendon sheath and involving ultimately the 
ankle joint, the astragalus and the lower 
ends of tibia and fibula The tumor was not 
dearly defined except in the immediate 
viamty of the tendon sheath but in the 
pathway of its invasion it was a yellow, 
relatively avascular tissue with all the 
microscopic features of xanthoma and with 
out any appearance of malignancy Several 
attempts at excision were followed by a 
recurrence, and ultimately the case was 
cured by prolonged and extremely intensive 


deep X ray therapy 
One other such case in the hands of 


another surgeon has come to tlic authors 
notice In this case, loo, there was no micro 
scopic evidence of malignancy, although the 
ankle joint, the os calcis, and the astragalus 
were all invaded Ihis case was treated by 
amputation after repeated failures of local 
excision and relatively mild and short lived 
X ray therapy Whether tliese two cases 
represented actual tumor or inflammatory 
processes it was never possible to dcade 
M cultures from llic authors case were 
negative, and tliere were no microscopic 
Signs of any of the ordinary inflammations 


other connective tissues— bone, for example 
The histologic picture is not far different 
from that of xanthic tumors minus their 
foam cells and their hematin pigment 
The treatment is operative excision but the 
excision m these tumors must be rather 
wide of the actual tumor This is necessary 
because although they are classed as benign 
tumors, there is a great tendency for local 
recurrences In this respect they resemble 
the fibromata of muscle and fasciae, par 
licularly Uiose which occur in the sheath of 
the rectus muscle in the abdominal wall and 
in the muscles of the shoulder girdle X ray 
and radium are not effective m these tumors 
Fibroma and Chondroma These occur, 
but they are exceedingly rare and the diag 
nosis cannot possibly be made by clinical 
means The necessity for surgical explora 
tion usually reveals the tumor, the nature 
of which IS recognized on gross appearance 
or by microscopic section They require only 
conservative excision as they show no tend 
ency to recur 


Malignant Tumoes 


The only primary malignant tumor whidi 
attacks tendon sheatlis is sarcoma, which 
has been observed in the forearm and hand 
and m the ankle and foot Sarcoma of 
tendon sheaths m general is a rapidly grow 
ing and freely disseminated type of growth, 
although It frequently presents a consider 
able degree of differentiation Practically all 
the benign tumors are very slow growing so 
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that any rapidly growing tumor of tendon 
sheath Tvarrants \ery prompt surgical alien 
UoQ It IS said that if diagnosis is made 
early enough mde local excision »s feasible 
Certainly if it is attempted the tumor must 
be reasonably well arcumscribed and small 
and the exasion niu't be quite radical The 
tumor IS relaliiely rare In the \ast ma 
jonty of cases attempts at local exasion by 
the time a diagnosis is made in all prob 
ability represent an applied waste of lime, 
and amputation at a safe level should be 
considered early enough to make it of value 
instead of after repeated failures with more 
conservative measures 
Primary tumors of the tendons themselves 
are so extremely rare as to constitute a 


surgical curiosity There is not enough in 
formation really available on the basis of 
the few cases which have been described to 
discuss the treatment in these cases It is 
to be assumed, of course, that if this rarity 
should be encountered, it would probably 
be necessary to excise the affected portion 
of the tendon and to do a free tendon trans 
plant (See Chapter 42 ) 
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Part 1 

GENERAL CONSIDERATIONS 
Tuberculosis of tbe bones and joints is 
always secondary to active and often long 
established tuberculous disease elsewhere 
in the body, and in children nearly always 
to disease of tbe lymphatic glands When 
ever and so long as an individual is suffenng 
from active lymphatic tuberculous disease, 
the presence of tubercle bacilli m the blood 
stream in the form of a baullemia is of 
frequent occurrence The commencement of 
a tuberculous focus in or near a joint is due 
to tubercle bacilli in the blood stream 
settling in an area devitalized by injury, or 
settling m such large numbers that they can 
survive without any such preliminary de 
vitalization Etiologically, then, tuberculosis 
of a joint must be considered as a local 
manifestation of a constitutional disease, 
and this conception of joint tuberculosis has 
an important bearing on treatment, as will 
be seen later It should be staled, however, 
that a joint, m a relatively small percentage 
of cases, may become involved by direct 
extension of tuberculosis from neighboring 
tissues, such as bursae, tendon sheaths, and 
other joints While not often seen, this 
should be kept in mind 
Heredity probably plays an indirect role 
by handing down to the offspring a lessened 
resistance to the disease General causes, 
such as undernourishment, unsanitary living 
conditions, and infectious diseases, are im 


portant considerations in outlining treat 
ment 

Pathology 

It is not expected in a work of this type 
that the pathology of bone and joint tuber 
culosis be discussed It is necessary, how 
ever, to call attention to the tissues which 
are or may be attacked, for such mfonna 
tion IS essential to intelligent treatment 

Tuberculosis infecting a joint may in 
volve (1) synovia, or (2) the bone on one 
or both sides of the epiphyseal cartilage 
As yet there exists no accurate estimate of 
tbe relative frequency with which the pri 
mary involvement is synovial or is in the 
bone (epiphysis or diaphysis) It is prob 
able however, that primary involvement of 
the synovia is more common than is gen 
erally supposed, and that if all cases were 
diagnosed early the percentage of primary 
involvement in comparison with primary 
bone involvement would be much higher 
than present statistics indicate The involve 
ment of the shaft of the long bones by 
tuberculosis is relatively rare. 

General Considerations of 
Treatment 

Since tuberculosis of the bones and joints 
must be looked upon as a constitutional dis 
ease, mamfesUng itself locally in one or 
more joints, it is evident that its adequate 
management must include (1) general treat 
ment or (2) local treatment 
sa 
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General TEZAiiiENT 

General Irealmenl js ol paramount unpor 
tance, since the cure of a tuberculous joint 
infection necessanly requires suhiaently 
building up the general resistance to take 
care of the original source of the disease 
as well as of the local infection AU the 
tubercle bacilli m the body most be killed 
or encapsulated if recurrent tuberculous 
bacillemia is to be pre%ented Such a bacil 
lemia can still occur after a cure of a local 
focus in a joint unless the original focus 
elsewhere has been rendered inert and harm 
less It IS imperatire then that the necessity 
of careful general treatment be appreaated 
and that it be recognized that such general 
treatment is essential, not only during the 
acute activity of the local jomt infection 
but long after the local condition has been 
eliminated The parent source of the local 
disease is often deep seated, silent, and too 
readily forgotten uith the disappearance of 
the local symptoms [This is particularly 
true m cases treated by operative fuMon for 
the local disease The insistence by the 
author on the necessity for prolonged gen 
eral treatment before, during and for some 
time after a successful joint fusion is well 
worth noting —Ed 1 

General measures should employ all the 
recognized means of improving the general 
health and building up the individual s re 
sistance The measures most generally used 
are Rest, proper diet, Iresh air, beliolber 
apy, and artifiaal sun treatments 

Rest Complete bed rest as long as there 
IS any elevation of temperature is just as 
important in joint tuberculosis as it is in 
pulmonary tuberculosis, and should be en 
forced just as rigidly Such bed rest should 
be in hygienic surroundings with well 
ordered daily routine 

Diet Along with bed rest, a well rounded, 
high vitamin, renuneralizmg diet should be 
iniisted upon WTule considering diet, the 
claims that the feeding of spleen or «plemc 
extract has a benefiaal effect on tuberculous 


joint disease may be considered The evi 
dence up to the present lime, while not 
conclusive mdicates that little or no benefit 
can be expected from adding spleen or 
splenic extract to the dietary list 

Fresh Air It has been found that respi 
ralory infections are held at a minimum 
and general health is at its maximum when 
a patient suffering from tuberculosis is 
housed in a ward or room open to the air 
This does not mean, however, that ruthless 
exposure to extremes of heat or cold is de- 
sirable A room temperature maintained at 
about 68* F with a relative humidity of 
40 to 50 per cent, the air being constantly 
changed by not too rapid or violent air cur 
rents provides the best possible living con 
diUons for the tuberculous jutient 

Heliotherapy Sunshine, which produces 
sun tanned bodies and a happy mental out 
look, mcreases muscle tone, and possibly 
stimulates more rapid calcification m tuber 
culous abscesses and m the bone lesion 
Itself IS a vital aid in the treatment of 
joint tuberculosis It cannot, however, be 
said to be a «peafic. Rollier of Switzerland 
and La Grasso of Perrysburg, N Y, fed 
that the sun’s spectrum has a specific effect 
on surgical tuberculosis The evidence avail 
able up to the pre'sent time does not fully 
support this theory The usefulness of helio- 
therapy in the treatment of tuberculosis, 
however is unquestioned While sunlight is 
mast effective ui the. TOnuat3.vci.s,, ^ vs, saJUs. 
factorily effective at any altitude from the 
sea level up IVhen using heliotherapy, the 
objective sought is a complete sun tan with 
out bum or blistenng To reach this objec 
tive and avoid burning the body must be 
given gradually increasing doses of exposure 
to the «un s rays This may be accomplished 
m various ways, but the following is simple 
and effective 

The entire body is exposed five mmutes, 
front and back, on the first day Each day 
the time is increased five minutes, front and 
back if there is no excessive reddening of 
the skin If the skin shows signs of erythema, 
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the next day s exposure is omitted The time 
of exposure is increased until the patient 
receives one hour of sun, front and back, 
daily This amount should be the moMmum 
during the summer months, but may be m 
creased m the cooler months when the sun’s 
rays are less powerful If the patient is 
protected from the wind, sunbaths may be 
given the entire year round, even in north 
em regions, except in the extreme cold 
Heliotlierapy does not, so far as can be 
determined, tend to bring about changes in 
hemoglobin, red blood count, or white blood 
count, nor does it alter metabolism Helio 
therapy does tan and benefit the skin, im 
prove the muscle tone, increase weight, and 
bring about a feeling of well being m those 
suffering from tuberculous joint disease The 
effect of overdosage is quite the opposite, 
and overexposure (resulting m severe ery 
thema of the skin, nervousness irritability 
and decline in general health) should ^ 
rigorously guarded against {In those mdi 
viduals who arc particularly susceptible to 
exposure to direct sunlight, exposure to (he 
reflected rays of the sun, with protection 
against direct rays, wdl produce slower but 
excellent results Direct exposures should be 
made only m midmorning and roidafler 
noon —Ed I 

Artificial Sun Treatment Various lights 
have been devised as substitutes for the 
sun’s rays Mercury quartz lamps give an 
abundance of shorter waves or ultraviolet 
light Carbon arc lamps give a more con 
tinuous spectrum resembling the sun Infra 
red lamps give longer waves and more heat 
Sunshine m the higher altitudes gives a 
maximum intcnMty of ultraviolet, vvhile at 
•;ta level and m smoky cities practically all 
of the uUnvioIci ra>s are filtered out yet 
comparable results have been obtained 
under both conditions It would seem, then, 
that It la impossible to make a positive 
statement as to which n>s are most bene 
ficial for patients suffering from tuberculosis 
IS inescapable lint nvs which approximate 
of the bonca and joints, and the conclusion 
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most closely the solar spectrum are to be 
preferred 

Phelps, after careful investigation, came 
to the conclusion that the wavelength span 
lying between 320 and 380 millimicrons is 
best This span is found m sunlight and in 
carbon arc lamps, yet favorable clinical re 
suits are reported by those using mercury 
quartz lamps It may be stated that exact 
clinical indications for different sources of 
artificial sunlight have not yet been defined, 
and that artificial sun treatment, while it 
may be used as a substitute for sunlight, 
cannot be considered to be a complete sub 
stitute When using artificial sunlight, the 
character of the rajs and the intensity of 
delivery of the lamp should be exactly de 
lermined and frequent checks of these 
conditions made to guard against incorrect 
dosage and faulty physiologic effects The 
quality of the light m the carbon arc de 
pends upon the carbon used and on the 
current The effectiveness of the mercury 
quartz lamp vanes with the age of the lamp 
and other factors It is also well to use arti 
ficial sunlight with care until the tolerance 
of the patient to it is cstabbshed fin all 
heliotherapy the physiologic effect on the 
patient and his sense of well being are the 
criteria rather than the degree of tanning 
obtained It is often overdone —Ed ] 

Local Thcatmlnt 

The measures employed locally in the 
treatment of tuberculous joint disease may 
be of two types (1) Nonoperative or (2) 
operative Imfortunaiely, there has been m 
the past and is at the present time some con 
Iroversy as to the proper place of each This 
controversy has served to obscure the real 
issues, which are to bring about healing of 
the involved joint, to control the parent 
focus and to restore the individual to nor 
mal activity The method pursued is of 
secondary importance— the cure of the dis 
ease is the primary objective, and intelligent 
evaluation of the condition to be met rather 
than blind adherence to any cpccial method 
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should form the basis of treatment in each 
individual case 

Experience has shown that, in its early 
stage, tuberculous joint disease may some 
tunes be arrested and the function of the 
joint still be preserved, in which case the 
subsequent repair may be sufficiently com 
plete to restore the joint to a useful status 
To secure such a result, however, it is neces 
sary that the arrest of the disease occur 
while there is still sufficient integrity of the 
joint to enable it to withstand active use 
once it has recovered When, however, the 
disease has progressed to a point where 
destruction of joint structures impairs the 
integrity of the joint recovery with a useful 
joint IS impossible Unfortunately, most 
tuberculous joints come under observation 
at a time when the destructive process is 
far advanced and all hope of a useful joint 
must be abandoned Healing by fibrous 
ankylosis and with a few degrees of motion 
in such a joint is a liability m that the 
joint does not stand up under the strain of 
active use and is the seat of frequent 
periods of disability Furthermore, such a 
joint IS a constant menace m that at any 
time there may occur a lighting up of the 
arrested tuberculous process There is but 
one result which can be looked upon as safe 
vn a tuberculous joint which has passed into 
the destructive stage, and that is bony 
ankylosis 

There need, then, be no controversy be 
tween the advocates of nonoperative treat 
ment and thoMe who speak for operative 
measures In early synovial joint tubercu 
losis without evident destruction conserva 
tive treatment should be given, and surgery 
has no place in the pictme IMien this stage 
has terminated and actual destruction of the 
joint structures has occurred conservative 
measures may be continued, but only if they 
are leading to bony ankylosis At llus stage, 
however, conservative measures may be ad 
vanlageously abandoned and replaced by 
operativ e procedures, which will insure bony 
ankylosis m the majority of cases, and will 
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materially shorten the period of convales- 
cence The responsibility involved in con 
tinuing conservative treatment in the face 
of joint destruction is great, and the pre 
ponderance of evidence is m favor of turning 
to fusion by operation as the most reliable 
method of curing the local disease, of giving 
the individual a useful extremity, and of 
shortening the duration of rigid treatment 
regime 

Nonoperative Local Treatment This 
consists in the use of traction or fixation to 
immobilize the joint, and relief from weight 
bearing to prevent trauma to the diseased 
structures 

Tbaction Traction should be used m the 
acute stage which is characterized by acute 
pain in the involved joint, muscle spasm 
and increasing deformity There j» no treat 
meat to which these symptoms respond so 
quickly as to that of definite and accurately 
adjusted traction When the acute s>‘mp- 
toms have abated, traction should be dis 
continued and replaced by fixation Traction 
distracts the joint surfaces and prevents the 
contact of bone with bone, such contact 
is necessary for bony ankylosis Long 
continued traction therefore, except in the 
occasional case, is contraindicated 

Fixation When the acute symptoms m 
the joint have subsided, rigid fixation of the 
involved jomt adequately protects it and 
favors the arrest of the local disease Fixa 
lion of a joint IS best accomplished by the 
use of a plaster encasement or recumbency 
Immobilization by a brace is much less effi 
aeot and should be reserved for con 
valescent case* 

Protection In weight bearmg joints, the 
extremity should be relieved from weight 
beanng during the fixation period m order 
that the diseased tissues may be protected 
from trauma and increased destruction 
Such relief from weight beanng is best ac 
oimpbshed by the use of crutches plus 
elevation of the sole of the shoe on the 
unimpaired side so that the involved ex 
Irenuty bangs free and bears no weight 
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As the treatment of tuberculosis of the 
various joints is described, the conserva 
live treatment of each will be discussed m 
detail 

Operative Local Treatment The opera 
Uve treatment in tuberculous joint disease 
has but one purpose, which is to accomplish 
a bony fusion of the bones forming the joint, 
since this creates the most favorable sttua 
(ion for healing of the local process and 
the recovery of the patient If successful 
this procedure has another advantage— it 
accomplishes m a few months that which 
Nature requires years to bring about and 
does it more effectively From the economic 
viewpoint operative treatment has a great 
advantage over conservative treatment for 
it cuts down the period of hospitalization 
and incapacity from years to months and 
effects a very material saving for the indi 
vidual and the community 
Tlie chief points of controversy between 
those advocating nonoperative management 
of tuberculous joint disease and those favor 
mg operative treatment are (1) the age of 
the affected individual and (2) the region 
involved There are very few experienced 
in the treatment of tuberculous joint dis 
ease, other than the enthusiasts for heho 
therapy, who deny dial in the adult 
operative fusion is the method of choice 
The chief difference of opinion centers m 
the application of operative treatment to 
children Certainly no attempt to fuse a 
joint in a child should be made until the 
age of sj'v lo eight years has been reached 
except m the hip and spine After that age 
the operation of surgical fusion can be sue 
ccssfully performed if it is done carefully 
and with due regard for the preservation 
of the epiphyses There are many however, 
who refuse lo consider joint fusion before 
the age of 12 to 14 years or later This 
group may be classed as uUraconservative 
t\s to the question of the region involved 
it may be said that a successful ankylosis 
by conservative treatment may be cxjicctcd 
norc often in tuberculosis of Uie spine and 


of the wrist than m other joints, and there 
are many who believe that these regions 
should be treated by conservative measures 
alone, and with some justification How 
ever, the consensus is that, even in the spine, 
fusion offers a better result and a more 
rapid recovery than does conservative treat 
nient In the light of our present knowledge 
the position is justifiable which holds that 
all adults and those children over the age 
Of eight years in whom conservative roeas 
Ures have not resulted in either a freely 
movable joint or in bony ankylosis should 
have the diseased joint fused by operation 
Fusion operations will be described in de 
tail in the discussion of the treatment of 
individual joints 

Amputation Amputation must be con 
sideted a part of the operative treatment of 
tuberculous joint disease, although it is 
rarely necessary Amputation is indicated 
under 14 only when (he patient does very 
badly under conservative measures and life 
IS menaced, in young adults only when 
doing badly under conservative treatment 
or when the bone disease is too extreme for 
resection and bony ankylosis m older peo 
pie m any cose unsuitable for excision and 
fusion 

Part 2 J 

TUBERCULOSIS OF SPINE " 
(POTT S DISEkVSE) 
Tuberculosis of the spine or Potts dis 
ease is the most common form of joint 
tuberculosis It comprises approximately 42 
per cent of all cases and occurs most com 
nionly m the first decade of life 

PATirotocv 

Some knowledge of the pathology of tu 
bercuiosis of the xpme is necessary for an 
mteiiigcnt understanding of treatment The 
local pathology is a destructive process 
which involves the body of one or more 
vertebrae, the laminae, pedicles, and spi- 
nous processes are seldom affected About 50 
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per cent of the tuberculous lesions of the 
«pine occur between the tenth dorsal and 
second lumbar \ertebrae Destruction of 
the vertebral bodies alnajs results m the 
formation of an abscess, made up of the 
debris of broken-down bone Such abscesses 
reach demon<itrable size in approximately 
20 per cent of all cases As destruction of 



Fig 305 X ray of a tuberculous 
«pjne showing collapse of two ^eneb^ae 


the bodies of the vertebrae advances, their 
strength is undermined so that finally one 
or more vertebrae collapse, and defomniy 
m the form of kyphosis developa (Fig 30a) 
As destruction and deformity increase, com 
pcession of the spinal cord may occur, and 
result in partial or complete paralysis of the 
le^, a condition known as Pott s paraplegia 

Treatment 

Smce tuberculosis of the «-pine is a local 
mamfeatalion of a cojistituUonal disease, 


treatment, to be successful, must be both 
general and local General treatment has 
been thoroughly discussed m the section on 
General Principles of Treatment, p 36S, 
and the reader is referred to that secbon for 
a description of the measures emplojed 

The purpose of treatment directed toward 
the local lesion is arrest or cure of the 
disease with a minimum of deformity In 
spinal tuberculosis thus is accomplished only 
by bringing about solid bony ankylosis be 
tween the affected vertebrae This may be 
accomplished by (1) conservative or non 
operative treatment or (2) operative treat 
ment 

Before discussing in detail the nonopeia 
live and operative treatment of spinal lu 
berculosis it is necessary to arrive at as 
clear an understanding as possible of what 
may be expected of each Such an under 
standing is necessary if an intelligent selec 
(ion of the method to be followed is to be 
made Bony ankylosis of the involved verte 
brae is brought about by conservative treat 
ment in a definite percentage of cases To 
accomplish tbi« as nearly absolute fixation 
of the spine as possible over a long period 
of time IS necessary —three or four >ears, 
as a rule However, in a fairly high per 
centage of cases, even with such prolonged 
protection bony fusion does not occur, but 
a fibrous ank>losi5 results instead— a situa 
boD which 15 not a cure but merely a tem 
porary arrest of the condition An adequate 
spinal fusion ui vrhich. the munvoLved poa- 
tenor parts of the vertebrae are firmly fused 
by operation, on the other hand, in the 
majonty of cases, gives solid ankylosis of 
the diseased vertebrae in from two to three 
years Furthermore, fusion by operation 
cuts down the time during which the child 
IS required to be hospitalized and under 
ngidly supervised treatment — a very im 
portaot advantage 

Based on the generally admitted facts 
that fusion of the cpine by operation does 
result m a higher percentage of bony ank> 
losis, and that it materially reduces the 
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duration of treatment, spmal fusion must 
be considered to be the best method of com 
bating the local disease in tuberculosis of 
the spine, and should be the method of 
choice This statement will not find xmi 
\ersal endorsement but certainly it is the 
one most generally accepted at this time 
In our opinion there is one exception to 


maintained in hyperextension This can be 
accomplished effectively only on a Brad 
ford frame or the Whitman modification 
of the Bradford frame or m a plaster shell 
Tlie '^Vhitman modification of the Brad 
ford frame is made of one inch gas pipe 
and IS slightly broader than the patient and 
several inches longer The longitudinal bars 




Fio 306 {Top) Whitman frame (A) Gas pipe frame (B) bib 
(C) laced canvas cover 

Fic 307 (CcHfcr) Child on covered frame with head traction 
(A) Head traction (B) frame (C) bib or apron 
Fic 30S (Botiow) Plaster shell applied m h;^erexteiision sIuJl m 
eluded Shell biialied for convenience m removing 


this statement Tuberculous caries of the 
cervical epme should as a rule be treated 
by nonoperalive methods 
Nonoperative Treatment This follows 
three lines (1) Recumbency, (2) ambula 
bon, and (3) convalescence 
RscuiiBENcy Recumbency eliminates 
the stress upon the diseased vertebrae and 
fairfy satisfactorily immobilrcs the involved 
region of the spine Recumbency should he 


are bent at any point desired to produce 
hyperexlension of the spine The frame is 
covered with a solid canvas, laced over the 
longitudinal bars {Fig 306) The patient is 
placed on the frame and fixed to it by a bib 
or shoulder straps attached to the longi 
ludinal bars The child should not be per 
milled to sit up but should be To])ed on its 
side for bath and alcohol rubs The frame 
permits free use of heliotherapy With in 
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volvement of the cervical spine, head trac- 
tion should be added to the hjperextension 
(Fig 307) 

A plaster shell is made by constructing 
a postenor plaster mold vrith the patient m 
hyperextension Hyperextension is necessary 
to throw the stress of weight on the un 


Fig 309 (Left) Calot jacket appbed 
in byperextensioQ, including chest and 
ocaput Extends to groin 
Fig 310 blaster jacket to be 

used when lesion is m lower doisal or 
lumbar spme Extends from intercostal 
notch to grom 

damaged postenor part oi the vertebrae 
and to remove it from the damaged bodies 
The mold includes the posterior half of the 
skull if the disease is in the upper dorsal 
or cervical region and always extends down 
both legs to the knees A similar type of 
mold should be made for the anterior sur 
face of the body (Fig 308) These com 
bined molds, when fastened together, insure 
complete immobibaation of the spme in 


fayperextension Half of the shell may be 
removed at a time for heliotherapy and for 
cleansing purposes. This is a very effective 
method of immobilization 
The period of recumbency on a frame or 
in a shell should last imtil roentgenographic 
evidence of new bone formation leading to 
bony ankylosis is unquestionably pre enk 
This requires recumbency for 16 to 30 
months—sometimes longer When the x ray 
examination and the general condition of 
the patient indicate satisfactory progress, 
ambulatory treatment is instituted The 
period of ambulation should extend over 
at least two years, during which time the 
patient should be adequately supported by 
a brace or plaster jacket 
Ambulatorv Jackets \ plaster jacket 
rarely should be used unless there is in 
volvement of the cervical or upper dorsal 
region, when plaster is the most effluent 
form of ambulatory fixation WTien applied 
for lesions of the cervical or upper dorsal 
spme, the jacket should be of the Calot 
type Such a jacket is applied with the 
spine in extension and under traction and 
extends from the grom to the chin m front 
and to the ocuput behind (Fig 309) The 
jacket is cut out m from to allow free ex 
pansion of the chest in breathing WTea the 
Ie:>ioa IS ID the lower dorsal or lumbar <:puie, 
the jacket should extend from the sternal 
notch to the symphjsis pubis in order to 
hold the spme in hyperextension (Fig 310) 
The jacket should be carefully molded 
around the iliac crests to give firm fixation 
of the pelvis, since it is otherwise iropos 
sible to maintain hyperextension 
Ambulatory braces are preferable to 
jackets when an experienced bracemaker is 
available, as they are lighter and can be 
removed for heliotherapy and cleansmg 
There is an infimte variety of «pinal braces 
which can be used, most of which are effi 
aent The function of a brace applied to 
immobilize and protect a tuberculous «pine 
is to hold the spme in hyperextension and 
throw all the stress of weight bearing on 
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the endamaged posterior part of the verte 
brae, thus relieving the collapsed bodies 
of as much of the superimposed weight as 
possible 

To accomplish this, the pelvis must be 
firmly gripped by a pelvic band, and the 
shoulders must be drawn back so that the 
scapulae are pressed against the ribs with 
their vertebral borders parallel to the spine 
The pelvic band of the brace must be very 


shoulder strap fixation is usually undesira 
ble, since, if the brace does not fit accu- 
rately or IS carelessly applied, we find it 
su^ended from the shouldere by the straps, 
thus adding the additional load of the 
weight of the brace to the spine we are 
attempting to protect A spinal brace should 
have two posterior upright and two lateral 
bars in addition to the pelvic band (Fig 
311 ) The Taylor spinal brace which has 



Fig 311 Spuial brace with double back bars, two side bars, and crutches Crutches 
designed to hold trunk in hj-perextension, not intended to carry weight 
Fic 312 Taylor spinal brace 

Tie 313 Occiput and chin support for Taylor spmal brace 
Fig 3l4 Head sling or jury mast for Taylor spmal brace 


carefully fitted and must encircle the pelvis 
at the lev el of the prominence of the sacrum, 
not at the level of the iliac crests Unless 
the pelvic band is braced firmly against 
the sacrum, the spine cannot be immobil 
ized The best meiod of bolding the shoul 
ders back is by crutches accurately fitted 
to make pressure against the front of the 
chest just below the coracoid process of the 
scapula (Fig 311) 

Too many spinal braces rely upon some 
form of shoulder strap to maintain the 
hjperextended position and to hold the 
scapulae closelj applied to the chest Such 


a special form of pelvic grip is a very effi 
cient form of spinal support (Fig 312) 
\Vhen the disease involves the cervical 
spine, the head should be supported by a 
Taylor occiput and chin support (Fig 313), 
or a head shng on a jury mast (Fig 314) 
A brace is less effective than a plaster jacket 
m lesions of the cervical region 
CoNVALEscEvcc The period of convales 
cence begins when bony ankylosis of the 
affected area is complete, as demonstrated 
by X ray, and when the general condition 
of the patient is satisfactory IVhen the 
period of convalescence has been reached, 
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support should be gradually removed and 
increasing activity permitted The patient 
should remain under observation for a num 
ber of jears any loss of weight, impair 
raent of the general health or persistent 
back pain demands return to a rigid routine 
of treatment, for it indicates a lighting up 
of the old disease process 

Operative Treatment This con'sists in 
creating solid bony bridges between the 
neural arches of the vertebrae thus firmly 
'pbnting the region of the spine attacked 
by the tuberculous lesion As a rule, two or 
three vertebrae above and below the in 
volved area are fused The desirability of 
surgical fusion in adults is unquestioned 
There is some difference of opinion as to 
the advisability of surgical fusion m chtl 
dren Notwithstanding this difference of 
opinion there is in reality no valid reason 
why spinal fusion by operation may not be 
carried out at an> age and there need be 
no hesitancy in performing such an opera 
tion on any child who has reached the age 
of three years Failure of operative fusion 
in young children may, as a rule, be attrib- 
uted to an inadequate type of operation or 
to inadequate postoperative immobilization 
^not to inability of the child a spine to fuse 
Operative fusion, however, is only an aid 
in the cure of the local lesion, and affords 
no excuse for neglecting to use, m addition, 
everythmg of value in conservative treat 
meet Stated in another way, operative fu 
Sion can give a maximum benefit only if 
preceded by a period of recumbency and 
general treatment sufUaently long to bring 
the individual s general condition up to a 
point where he can be looked upon as a 
good surgical risk, and only if followed by 
a period of fixation maintained by mecbaoi 
cal support until the diseased bodies show 
solid bony ankylosis by x ray This usually 
means two to three years 
The operation itself carnes with it the 
danger of shock If mote than «ie\en verte 
brae are to be fused, it should be done in 
two stages WTiiIe many advi«e the use of 


local anesthesia, it seems best in young chil 
dren to u«e a carefully given general anes 
thesia and to bav e the child completely un 
aware of his surroundings It is worth while 
to secure as much correction of the de 
formit) as possible before operation This 
is beat accomplished by byperextension on 
a frame for several weeks or longer The 
uae of forable correction to overcome de- 
formity IS never advisable 

Broadly speakmg, there are three meth 
ods of securing surgical fusion of the spine 
(1) The Albee method, (2) the Hibbs 
method, and (3) a combined method which 
uses some of the features of each of the 
other two 

AmniE Flsiov techmc (Fig 315) The 
Up of the spinous process of the involved 
vertebrae together with tho e of the three 
above and the three below are exposed 
through a ^lightly curved skin incision to 
one side of the midline The supraspinous 
and the inler^pinous ligaments are divided 
longitudinally down to bone The spinous 
processes are «pbt into halves, the line of 
cleavage being earned well down toward 
the base of the «pinous processes One 
half of each spine is fractured at its base 
and displaced laterally A graft taken from 
the tibia is then placed in the bed thus 
formed The graft taken from the Ubia 
should be at least one half an inch lO width 
and of sufncient length to extend two or 
three vertebrae above and below the dis 
eased onea, and should include the full 
thickness of the cortex with as much can 
cellous bone as po^ible Mhen the graft has 
been fixed securely in the prepared gutter 
made by spUtUng the spinoua processes, it 
IS held firmly in place by suturing the su 
praspinous hgaments, fascia and muscles 
over It If marked deformity is present, it 
IS usually necessary to u^e a graft curved 
to fit the kyphosis, smee a massive graft 
of the dimensions de^enbed is not flexible 
enough to bend sufficiently to fit the de- 
formity If the graft is placed under too 
great pressure in an effort to make it con 
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form to the spinal deformity, it is apt to 
absorb at the point of greatest pressure. 
One method of meeting the problem of an 
acute kyphosis is to map out a curved graft 
of the desired shape on the anterior sur- 
face of the tibia, and, using a single blade 
saw, to cut out a shaped graft (Fig 316). 
In removing such a curved or shaped graft 


nous processes of the vertebrae to be fused 
are exposed through a slightly curved skin 
incision lying to one side of the spinous 
processes. The intraspinous ligaments are 
divided longitudinally, and the tip of the 
spinous processes well exposed The perios- 
teum IS then reflected from the spinous 
processes and from the laminae outward to 



Fic. 315 {LeH and Center) Schematic drawing of Albce operation for 
spinal fusion (A) Graft lying in bed, formed by splitting the spinous 
processes. 

Fig. 316. (RfgJit) Shaped graft removed from tibia (A) Graft. Note 
that crest should not be included as this weakens the bone and may result 
m a fracture 

cire must be taken not to include the crest expose the articular facets of the vertebrae 
of Uic tibia, as subsequent fracture of the to be stabilized. The entire mass, composed 
tibia may occur .Vnother very satisfactory of periosteum and muscles, is retracted lat- 
mclhod of meeting the problem is to cut erally. The joints of the vertebrae to be 
from the tibia five or sn grafts onc-ax- stabilized are destrojed by curetting away 
teentli to an eighth of an inch wide, plaang their entire cartilaginous surfaces, proceed- 
ihese in the prepared bed so that they over- « ing systematically from one vertebra to 
lap. Such grafts are sufiicicntiy flexible to another. Bone flaps are then gouged from 
conform to the curvature of the ‘ipine and the laminae and turned up and down, bridg- 
will solidly unite. mg the space between the laminae. The 

The IIjisds Meuiod; techmc. The spi- spinous processes are next broken down and 
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so arranged that the tip of the spinous against these possibilities, a third method is 
process above rests on the base of the very generally used nhich, on the whole, 
one below, or the «pinous process may be is probably more reliable than either of the 
split into several sections and turned up and other two This procedure carries out the 
down so that they interlace over the entire Hibbs techmc, and, in addition a massive 
region to be stabilized (Fig 317) Such a graft or several email grafts, taken from the 
stabihzation has three points of fusion tibia are laid on the denuded laminae and 
The articular facets the bone flapa between m contact with the broken down spinous 
the laminae and the interlocking spmous processes (Fig 318) The addition of an 



Fic 317 {Left) Schematic drawing of Hibbj> spinal stabihza 
tion (A) Gouge turning down bone flaps from laminae (B) 
curette destroying articular facets (C) spinous processe:* frac 
tured at base and turned down to be m contact with fractured 
of «puie below 

Fig 318 (Rig^/) Schematic drawing of combined method for 
spinal fusion (A) Graft from tiba lying on denuded laminae 
(B) bone flaps from laminae turned up and down (C) spinous 
processes fractured and turned down (D) destroyed articular 
facets 

processes The stripped back periosteum autogenous graft provides another source 
and muscles are then brought together and of bone proliferation and adds to the cer 
sutured forming a periosteal tube, sur tainty of the fusion The closure is the same 
rounding the denuded area of bone as »n the Hibbs stabilization 

Combined 'Method techvic Occasion Fusion by the Albee technic requires less 
ally, with the Albee method, the graft will, tune than does a thoroughly carried out 
absorb between the «pmous processes and Hibbs procedure and there is less bleeding 
with the Hibba method sufacient ossifica particularly if the plane of exposure in the 
uon may not take place to insure as firm an Hibba operation is not kept completely 
ankylosis as is necessary To safeguard subperiosteal. 
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Because of these adv-antages, the Albee 
type of fusion should be used m very young 
children and when the general condition of 
the patient is not completely satisfactory 
The Hibbs operation must be very carefully 
done and consumes some time but Iheo 
retically at least it offers a more certain 
fusion The combined operation utilizes the 
best features of the other two and is the 
operation of choice except as indicated 
above 

(See also Chapters 6, 7, and 9 for spinal 
fusion technic ) 


tending from the sternal notch to the sym 
physis pubis This jacket should remain on 
for three to six months, after which a brace 
may be used [The advice of this author 
in regard to postoperative immobilization 
following spinal fusion should be stressed 
There are too many pseudarthroses after 
spinal fusion which are to be attributed to 
inadequate postoperative immobilization 
TTie application of the jacket immediately 
postoperative, the inclusion of the hips and 
thighs in the original jacket, and the length 
of time during which plaster is worn are 



Fic 319 X ray of fused tuberculous spine showing satisfactory 
ankyVasvs of vetteh^ai bodies Ardetioc postervar nw.'k, 

(Rig/ii) lateral view 


After-treatment After treatment con 
sists in the immediate application of a plas 
ter jacket unless the patient shows signs of 
tiring or shock at the end of the operation 
when the application of the jacket may be 
postponed for a week or two, in the interim 
the patient being placed on a Bradford 
frame in slight hyperextension The im 
mobilizing plaster jacket should extend 
from the sternal notch to the knees on 
both sides At the end of six weeks it may 
be removed and a new jacket aophed, ex- 


all of prime importance Postoperative 
treatment of spiml fusion cases by recum 
benejr alone, or by recumbency plus a brace, 
is not a sound procedure —Ed ] The pa- 
tient may become ambulatory after two 
months following operation Support should 
be continued until solid ankylosis between 
the involved vertebrae and restoration of 
normal bony structure are evident in the 
X ray (Fig 319) This usually requires two 
years but may require longer Insistence 
upon support until solid ankylosis is shown 
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m the X ray is a safe rule to follow in e\ery 
case of spinal fusion 

Abscesses 

\ tuberculous abscess develops whenever 
extensive destruction of the vertebrae oc 
curs As a rule, such abscesses are absorbed 
or calcified and require no treatment If, 
however, a tuhetculons abscess does make 
its appearance on the surface, it should be 
treated conservatively and not opened un 


When a cold abscess approaches the sur 
face and rupture through the skin seems 
inevitable, it should be aspirated, passing 
the needle through sound skm— not through 
the most prominent part of the abscess 
If aspiration fails to control the abscess. 
It should be opened A small incision 
through sound skm placed at some distance 
from the most superficial point of the ab 
scess should be used The abscess itself 
should be opened by blunt dissection, evac 



Fic 320 (Left) Incisions for drainage of tuberculous abscess pointing m cervical 
legion 

Fig 321 (Right) Costotransversectomy for drainage of tuberculous abscess of dorsal 
spine (a) hlidhne incision, lb) Bicki^ incision, (c) Koeber incision ICouitcsy, 
Campb^ W C Operative Orthopedics, St Louis, C V Mosby Co ) 


less absolutely necessary Above all, it 
should never be drained Introducing a 
drainage tube into a tuberculous abscess 
makes certain that a draining sinus will 
form, which will become secondarily m 
fected and will probably never heal It has 
been truly said that draining a tuberculous 
abscess frequently signs the patient s death 
warrant A tuberculous abscess is a cold ab 
scess made up of the debris of broken 
down bone, it does not contain true pus 
and, therefore, does not require drainage 


uated, and successively packed several 
limes as lightly as possible with iodoform 
gauze this, as it is removed, will bring 
with it semi solid matenal contained m the 
altocess which can not dram out After scour 
mg the cavity thoroughly with iodoform 
packing, all of which is immediately re 
moved, the wound can be closed in layers, 
thus separating the abscess sac from the 
skin by as much sound tissue as possible 
If a cold abscess becomes secondarily in 
fected, it must be opened and drained m 
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the same manner as any pjogemc abscess, 
this, however, is seldom necessary unless 
infection has been carried in, usually by 
efforts to aspirate Needless to say, the 
opening of a tuberculous abscess should be 
performed under the most rigid aseptic 
technic 

The region of the spine involved deter 
mines where a tuberculous abscess will 
point In the upper cervical region, it usually 
appears as a retropharyngeal abscess 
where it may cause serious interference 
with respiration or it may point m the 
posterior cervical triangle of the neck (Fig 
320) In the lower cervical and upper tho 
raac region the abscess rarely points on 
the surface Occasionally, it may enter the 
mediastinum causing pressure on the heart 
or lungs, and must be evacuated by a costo- 
Iransversectomy resecting a portion of the 
nb adjacent to the spine (Fig 321) An 
abscess m the lumbar region usually fol 
lows down the sbeatb of the psoas muscle 
and points in the groin above or below the 
Poupart’s ligament It may, however, point 
posteriorly m Petits triangle 

Treatment op Paralysis 
Paraplegia, usually spastic though at 
times flaccid, may complicate tuberculosis 
of the spine occasionally It is due, as a rule, 
to an inflammatory involvement of the 
meninges a localized pachymeningitis 
rarely is it the result of the deformity, al 
though occasionally the acute knuckling of 
the spine is a factor Ninety per cent of 
the cases m which paralysis occurs clear up 
with conservative management— absolute 
recumbency m hyperextension, preferably 
in a plaster bed If, after some weeks of 
recumbency, there is no improvement, a 
hemilamineclomy may be done to relieve 
pressure The results of a laminectomy, 
however, on the whole, are unsatisfactory, 
and our main reliance for securing relief 
must rest in conservative nunagement the 
hmmeclomy being resorted to only by vir- 
tue of necessity 
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Pari S 

TUBERCULOSIS OF SACRO ILIAC 
JOINT 

The sacro iliac joint is seldom involved 
by tuberculous disease When it is invaded, 
the prognosis is poor since the disease 
usually has extended widely before a diag 
nosis has been made Involvement of the 
sacro iliac joint is rare in children and is 
e:>sentially a disease of adult life 



Fic 322 \ ray of tuberculosis of 
sacro ihac joint Note area of destruc 
tion and decaicification m sacrum and 
ihum and loss of definition of joint fine 

Pathology 

The primary focus is usually in the 
sacrum, from which site it spreads to the 
ilium (Fig 322) As to whether the pri 
maty involvement is synovial or in the 
bone, there is as yet no accurate informa 
tioa The course of the disease is essentially 
that of tuberculous infection elsewhere 
namely, bone destruction, disintegration of 
the joint, and abscess formation A cold 
abscess resulting from tuberculosis of the 
sacro iliac joint usually points anteriorly 
rather than posteriorly into the buttock. 
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and so extends into the pelvis and makes 
its appearance m the vianily of the anterior 
superior spine or in the groin If the abscess 
points m the buttock, it usually reaches this 
position by passing out of the pelvis through 
the sacrosaatic notch A tuberculous ab 
scess of the sacro iliac joint may rupture 
occasionally into the rectum 

Treatment 

The proper management of tuberculosis 
of the sacro-iliac joint must include general 
measures and those directed toward the cure 
of the local pathology General treatment 
has been thoroughly discussed on p 368 
Lo al treatment may be (I) conservative 
or nonoperative or (2) operative 



Fig 323 Double hip spica applied for 
tuberculosis of sacro iliac joint 


Before 1924, tuberculosis of the sacro 
iliac joint was looked upon as the most 
difficult form of tuberculous joint disease 
Jo treat jaiTfiissfulJy’ Thej-easinD/nr JJusJb^ 
in the fact that conservative treatment made 
little headway m stopping this disease 
Abscess formation, draining smuses with 
secondary infection, and death were the 
usual sequelae Doubtl^s the difficulty of 
making a diagnosis before extensive destruc 
tion had occurred uas to some extent te- 
eponsible for the unfortunate results of 
conservative treatment, but the difficulty 
of satisfactorily immobilizing the joint was 
probably equally responsible With the ad 
vent of surgical fusion of the sacio-iliac 
joint the results of treatment materially 
improved, and today surgical fusion per 
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formed as soon as the diagnosis is made 
IS the treatment which should be carried 
out Conservative treatment should be hm 
ited to the period of observation necessary 
to arrive at a diagnosis 

Conservative Local Treatment This 
consists in securing as firm a fixation of the 
socro-ihac joint as possible Such fixation is 
best secured by a double plaster spica ex 
tending from the nipple line to the knees 
(Fig 323) M stated above, such conserva 
live treatment should be used only until the 
diagnosis has been definitely established 
Operative Local Treatment Ankylosis 
of the sacro iliac joint is brought about by 
operative fusion This may be intra articu 
lar or extra articular m character The 
extra articular type of fusion is easier to 
carry out and may be used to advantage if 
a large abacess is not present If a large 
abscess is definitely present, the intra 
articular type of operation is to be pre 
ferred as the abscess will, as a rule 
unavoidably be entered and may be evacu 
ated through the operative incision without 
jeopardizing the healing of the wound by 
first intention The following are the most 
commonly carried out fusion operations 
Extra vrticula* Fusiov Campbell 
TECHNIC (Fig 324) This is an extra atlicu 
lar arthrodesis of the 'iacro-iliac joint An 
incision IS made along the outer Up of the 
crest of the ihum from the posterior one 
Jlurd Of one hall Jo tho jiosJiyjor jxJarJor 
spinous process The soft structures are di 
vided to the bone and subpenosteally ele 
vated from the crest and upper portion of 
the dorsum of the ihum The erector spmae 
muscles are retracted toward the midlme 
Beginning at the posterior superior spine 
and coatiaumg around the crest of the 
ilium, a graft three fourths of an inch wide 
and three inches long, consisting of the full 
thickness of the ilium including the crest, 

IS outlined by multiple cuts with a chisel, 
removed, and placed m a towel The inner 
table of the overhanging portion of the 
ilium and the adjacent posterior surface of 
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the sacrum is denuded Thus a gutter of exposing the lateral surface of the ilium In 
cancellous bone is formed by the postenor carrying out the dissection, one point should 
surface of the sacrum and the inner surface be kept m nund— the superior gluteal nerve 
of the ilium, postenor to and above the and artery emerge at the anterior portion of 
sacro iliac joint Into this gutter is inserted the sacrosciatic notch and the vessels give 
the graft from the crest The surrounding off postenor branches which are encountered 
space IS filled with multiple small grafts or m the straight limb of the inasion These 
shavings from the dorsum of the ihum The sometimes cause considerable bleeding If 
mass of bone is then impacted with a blunt the position of the sacro iliac joint is pro 
instrument Closure is made by deep sutures ject^ on the lateral surface of the ilium, 
through the fascia and muscles which it will be found that its inferior border cor 



Tic 324 {Lcjt) Campbell extra articular fusion of sacro iliac joint (A) Incision 
(B) (a) Large graft from crest of ilium (b) small grafts gouged from ilium (c) de 
nuded surface of sacrum (C) Small grafts (b) packed about large graft and into space 
between ilium and sacrum 

Fio 325 {Jitght) Smith Petersen method for intra articular fusion of sacro iliac joint 
(A) (a) Window outlined on surface of ilium (B) Block of bone (a) removed exposing 
cartilage of joint which is curetted away (C) Block of bone (a) reinserted in the bed and 
countersunk 

when drawn firmly together hold the graft responds with the sacrosciatic notch and Us 
and bone chips firmly m place The rest of anterior border with the median gluteal 
the wound is closed in layers line The superior border is not of impor 

Intra ARTICUI4S Fusions shitji peter tance because the two landmarks given 
SEN TECHNIC (Fig 325) An incision is above determine the location of the joint 
made along the posterior two-thirds of the adequately 

iliac crest, curving around the posterior V rectangular window is cut through the 
superior 'spine and then continuing parallel ilium within tJie projected area of the joint 
to the fibers of the gluteal muscles, for a The thickness of the ilium above the sa 
distance of two to three inches This mci crosaatic notch is considerable— sometimes 
Sion fs carried down to llie bone, and the as much as an inch — but if care is taken 
soft tissues are reflected subperiosteal]} , the entire block of bone, includmg the outer 
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ard the inner tables of the ilium may be the block of bone removed from the ilium 
removed in one piece IVhen this wmdow this is inserted into the original site and 
aas been removed, the cartilaginous jomt countersunk so that its cancellous surface 
surface of the sacrum comes into view The will be m contact with the cancellous bone 
cartilage of the sacrum as well as its wr of the sacrum The '?oft part flap is now re- 


Crcst of ilium 




Fic 326 Gaenslen method of intra articular fusion of sacTo-iliac joint (A) In 
cision (B) Bone flap being raised m sections as shown in insert (C) Flap 
retracted and area of sacro-iliac joint outlined along lines B — C and A — B as 
shown in insert (F) (D) Joint cartilages exposed by curetting down to jomt, 
and removed (E) Bone which has been curetted out replaced after destroying 
jomt 

tex, IS next removed, bringing about a good placed and the periosteum and soft parts 
exposure of underlymg cancellous bone sutured in lajers The position of the win 
The block procedure results in a rectangu dow cut may be varied Where an abscess 
lar bos lined on all sides by cancellous is suspected the window should be cut m a 
bone, extending from the ihura through the direction parallel to the sacrosciatic notch 
sacro-iliac jomt into the sacrum After the which gives suflicient drainage of the jomt 
removal of the cartilage and cortex from In the course of the procedure described 
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above, a curette should be freely used to 
reach parts of the joint not actually visible 
in the Mindow made for the purpose of 
exposing the joint 

r j ciEvstcv XECiiMC (Dg 326) F J 
Gaenslen has described a very satisfactory 
technic for arthrodesis of the sacro-iliac 
joint which differs somewhat from the 
method described by Smith Petersen 
The patient should be placed m a semi 
prone position An incision is made along 
the posterior two thirds of the ihac crest, 
cur\ing around behind the posterior su 
perior spine and ending over the posterior 
inferior spine of the ilium This rather large 
mciMon IS necessary to allow in a later step 
a proper reflection of a bone and soft part 
flap for intra articular work The wound 
margins should be freed and retracted suffi 
ciently to well expose the crest to the pos 
tenor superior spine 

After retracting the skin and fat flap 
an mciston is made through (he fascia and 
muscles over the posterior third of the crest 
and over the posterior supenor spine, leav 
mg a small margin of fascia and muscle oo 
the outer hp of the crest to facilitate the 
fascial suture in closing The posterior por 
tion of the ilium is now ‘ipht flatwise with 
a broad chisel to a depth of two and one 
half inches fonvard from the posterior su 
perior «pine into an inner and outer leaf, 
the latter having the greater thickness It 
is very essential to have the plane of the 
joint and its relation to the normal bony 
landmarks well in mind However, with the 
chisel set against the posterior supenor 
spine parallel with the plane of the posterior 
one Ihird of the ilium and directed fonvard 
and slightly outward in the direction of the 
anterior superior spine of the same side, 
the ilium may be properly split In ■splitting 
It, tlie chi«el IS first centered over the pos 
tenor supenor spine in the direction in 
dicated above The sphi thus started is 
widened upward and downward to divide 
the entire posterior third of tlie ihura dose 
down to the posterior inferior spine Into two 


leaves, to a depth of one and one half inches 
\Vhen this depth has been reached, the ex- 
ternal leaf should be broken free and re 
tracted, as the curve of the ilium makes it 
impossible to split the ihum to the required 
depth m one unbroken leaf The remammg 
one inch of the posienor third of the ilium 
IS then split with the chisel in smaller sec 
lions until the entire two and one half inch 
leaf IS sufficiently freed to enable it with the 
attached gluteal muscles to be reflected 
readily, thus affording the necessary work- 
ing space for exposure of the sacro iliac 
joint There is no danger m going too deep 
if the anterior superior spine is used as 
a landmark 

The portion of the inner leaf overlying 
the joint is next attacked The sacro iliac 
joint is roughly triangular and, therefore, 
a triangular area of bone corresponding in 
size and location to the sacro ihac joint is 
marked out on the inner or standing leaf 
of the thum and is removed The guide for 
marking out the triangle is as follows The 
base line, B — C, two inches long, extends 
forward from ihe posterior inferior spine 
directly toward the anterior supenor spine 
on the same side The line B — A, one and 
one half inches long is erected almost per 
pendicularly from the anterior end of the 
first cut toward a point on the crest of the 
ilium representing the junction of the mid 
die and posterior thirds The resulting 
angle of tins cut will be slightly less than 
a nght angle The points C — A are now 
joined with a third chisel cut, and the re 
suiting triangle lies within the actual joint 
area and outlines the latter fairly accu 
rately It is not necessary to remove this 
triangular area of bone in one piece It 15 
better, m fact, to remove it m small pieces 
with a gouge or curette and to inspect the 
bone as one proceeds, saving the healthy 
portion for filling m the defect later Once 
the cartilaginous surface is identified in the 
center of the triangle, the entire joint is 
readily exposed Of (he contiguous car 
tibgmous layers, that covering the sacrum 
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IS much thicker The iliac portion of the 
cartilage is remo\ed m fragments as the 
joint IS uncovered with chisel and curette 



Fig 327 \ ray of a tuberculous 
sacra iliac joint after fusion by Gaensleo 
method Isote hrm fusion of joint nith 
losa of joint Une 



Fig 328 Anterior (.left) and posterior 
(ng/it) views of efficient sacro liiac sop 
port for use after fusion 


The cartilage on the sacral face of the jwnt 
IS similarly removed After the eradication 
of the joint in the manner indicated, healthy 
bone chips, removed during the couree of 


the operation, are packed back very care 
fully and firmly to fill the gap completely 
The reflected outer leaf of the ihum is 
brought back into appocitioo and held in 
place by a few interrupted sutures through 
the dorsolumbar fascia and muscle The 
skin IS closed as desired (Fig 327) 

After treatment Following operation, 
whatever type of fusion is used, the patient 
should be immediately placed m a double 
plaster «pica, which should extend from the 
nipple line to the knees on both sides This 
cast should he worn for at least ei^t 
weeks, preferably 12 weeks after which 
time a properly fitting sacro diac support 
may be applied Such a sacro iliac support 
should be worn for at least three months 
longer (Tig 328) 

Part 4 

TUBERCULOSIS OF HIP (TUBER 
CULOUS COXITIS) 

Involvement of the hip joint makes up 
about 30 per cent of all bone and joint 
tuberculosis About 85 to 90 per cent of the 
cases of hip>jotnt disease are found in chil 
dren m the first decade of life 

Pathococv 

The primary focus, when the hip jomt 
is infected with tuberculosis, is, according 
to the studies of Hatcher and Phemister, 
found most frequently in (1) the neck of 
the femur, (2) the ihum, and (3) the 
ischium, in the order named {Fig 329) 
Pnmary simovial involvement probably oc 
curs, accordmg to the same authors, about 
as frequently as does pnmary involvement 
of the ihum No matter where the pnmary 
focus may be, the disease practically al 
Ways extends into the hip joint and sets up 
a diffuse tuberculous arthritis with exten 
aive dealrucUofi of the joint structures As 
destruction progresses, there is erosion of 
the femoral head and acetabulum and ab- 
scess formation (Fig 330) 
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Treatment 

This must include general treatment and 
treatment directed tovsard eliminating ac- 
me disease m the affected hip joint For a 
discussion of the general measures to be 
used, the reader is referred to the section 
on General Treatment, p 36S Local treat 
ment may be (1) conservative or nonopera 
me or (2) operative 

There are very definite criteria upon 
which the decision m favor of carrying out 
conser\aiive treatment or of resorting to 
operative treatment may be based In tlie 
early stage of the disease, when there is no 
evidence by x ray of bone destruction, con 
servative treatment should be carried out, 
since there is a possibility that the joint 
may recover with normal free motion Such 
conservative treatment may be persisted m 
for from 18 months to two >ears, but if, 
at the end of this lime, treatment has not 
resulted m a normally movable, pain free 
joint, It should be abandoned and the hip 
joint should be ankylosed by operation It 
cannot be anticipated that after tins time 
sucli a joint will ever recover under con 
servative treatment, and the probabilities 
are that it will eventually reach the stage 
of fibrous ankylosis, a condition which can 
not be considered safe or satisfactory from 
the viewpoint of useful function When, on 
the Ollier hand, bone involvement and de 
struction of the joint structures are shown 
by X ray at the outset, recovery with motion 
cannot be expected, and bony ankylosis of 
the joint is the only result which can be 
considered satisfactory Such a joint may 
come to bony ankylosis under prolonged 
conservative treatment, but this is by no 
means certain, and as years will be required 
to accomplish this result a bony ank>losis 
brought about by a surgical operation is the 
treatment of choice 

Nonoperative Local Treatment Non 
operative measures include traction and 
fixation to chmimtc motion in the joint, 
and protection from weight bearing to 


avoid trauma to the diseased joint struc 
tures 

Traction Traction should be used m the 
acute stage, which is characterized by acute 
joint pain, muscle spasm, and flexion de 



Tig 329 Points of origin of 
tuberculosis of hip (A) Ilium, 
(B) iscbium, (C) neck of femur 



Tic 330 X ray of a tuberculous hip 
Note erosion and deformity of femoral 
head and wandering acetabulum ” 


formity of the hip joint Skin traction 
should be applied in the usual way, the ad- 
hesive bands extending from Uie upper 
third of the thigh to the ankle In order that 
traction may be effective, the patient must 
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Fio 331 Method of applying traction for tuberculosis of hip 
(A) Bradford frame, (B) neight traction applied by Bucks exten* 
Sion, (C) note elevation of foot of bed for counter traction 



Fig 332 {Lift) Spica applied foe tuberculosis of hip High shoe 
on unaffected side and crutdies for ambulation 
Fic 333 (Cen/cr) Thomas hip ‘‘plmt for tuberculosis of hip 
Fig 334 {Rig/it) alking caliper for tuberculosis of hip Note 
shaping of peroneal band vbich fits snugly about tuberosity of 
lachium to take weight of body comfortably 
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be placed upon a Bradford frame, which 
IS an oblong frame of one inch gas pipe so 
constructed that it is a few inches wider 
and a little longer than the patient This 
frame is covered with a canvas, with an 
aperture in the region of the buttocks to 
facilitate the use of a bedpan (Fig 331) 
The patient is fastened to the frame by a 
bib attached to the frame Traction should 
be maintained until all pam is relieved, 
muscle spasm disappears, and the flexion 
deformity is corrected When, however, the 
joint has become quiescent fixation should 
be substituted for traction 
Fixation Fixation is best obtained by 
the use of a plaster spica, extending from 
the nipple line to the ends of the toes on 
the affected side The spica should be ap 
plied with the extremity m about 20® of 
abduction and complete extension at the hip 
joint When the general condition of the 
patient is satisfactory ambulation in plas 
ter may be permitted on crutches with an 
elevated shoe on the uninvolved extremity, 
so that the affected joint is protected from 
weightbearing (Iig 332) Plaster fixation 
should be maintained for it least one year 
At the end of this time a brace may be ap 
plied if the condition is progressing satis 
factonly and the x ray examination shows 
that 1 bony ankylosis is taking place 
Two types of brace are used The least 
complicated is that known as a Thomas hip 
splint This brace consists of a flat piece of 
malleable iron, three quarters of an inch 
Wide and three sixteenths of an inch thick, 
long enough to extend from the angle of 
the scapula to the middle of the thigh , this 
forms the upright of the brace The upngbt 
IS fitted to the contours of the back and 
buttock 1 0 this upright are attached chest, 
thigh, and leg bands molded to the con 
lours of die chest, thigh, and leg The brace 
IS thinly padded and provided with shoulder 
straps to support it and prevent it from 
slipping In addition, an elevation on the 
sound foot and crutches are used (Fig 333) 
A walhing-calipcr t>pe of brace may be 


employed This consists of a pelvic band 
with two uprights, the loner ends of which 
are made into a caliper which fits into the 
heel of the shoe The upright should be 
shghtly longer than the length of the hmh 
A Thomas peroneal ring connects the two 
uprights at the level of the tuberosity of 
the ischium This peroneal ring takes the 
major part of the body weight, which is 
short arcuited around the hip joint It is 
essential tliat the ring sit m snugly well 
under the ischial tuberosity A slightly ele 
vated shoe is worn on the unaffected side 
(Fig 334) 

The walking brace should be worn for 
at least a year, and then, if the joint re 
mams quiet, weight beanng may be per 
mitted gradually However, it is best still 
to maintain elevation of the shoe on the 
unaffected side so that it will bear the 
major part of the weight The patient 
should be observ ed under weight bearing 
for at least three years If at any time, 
there is a recurrence of the active condi 
tion, the conservative treatment should be 
abandoned and a fusion operation per 
formed 

Operative Local Treatment The pur 
pose of operative interference m tubercu 
lous hip joint disease is to bring about bony 
ankylosis m the joint While there are still 
those who believe that conservative meas 
ures can result in a satisfactory cure of hip 
joint disease even with joint destruction, 
the most conservative feel that operative 
fusion IS the better course, since it is more 
certain in its results and requires a less pro 
longed period of treatment A fusion opera 
lion may be done on any individual who 
has reached the age of four years The dura 
tion of the disease is unimportant except 
that the longer the duration and the greater 
the destruction, the greater the mechamcal 
difficulty m performing a satisfactory opera 
tion Active disease does not contraindicate 
the operative fusion The presence of a 
draining sinus, while it complicates the pro 
cedure, does not contraindicate a fusion 
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operation A point of importance to be kept deliberately to do so, nor is any of the dis 
in mind is that a fusion does not interfere eased tissue in the joint removed as part 
with the growth of the extremity unless the of the procedure The most generally used 
growth center has already been destroyed types of fusion operation are the following 
by the disease Hibbs Technic The Hibbs operation is 

It IS not a simple matter to secure bony not considered to be an extra articular type 
ankylosis m a joint infected with tubercu of hip-jomt fusion (Fig 33S) An masion 
losis This fact is testified to by the variety is made beginnmg at the crest of the ilium, 
of operations which have been devised m two inches posterior to the anterior su- 
an attempt to make the results more cer penor spine This incision passes directly 
tain Operations which aim at bringing down to the trochanter and for three inches 
about an arthrodesis or fusion of the hip along the shaft of the femur The mcision 
joint are divided into (1) intra articular is deepened to the capsule of the hip joint 



Fig 335 Hibbs fusion of hip joint (A) Skin incision (B) Re 
moval of graft (a) from trochanter with mu'^cle attachments intact 
(C) Cortex of neck removed and end of reversed graft (a') inserted 
in slot in side of ilium 

arthrodeses and (2) extra articular arlhro by splitting the deep fasaa, retracting the 
deses Attempts to produce arthrodesis by tensor fascia femons laterally, and separat- 
mtra articular operations have been unsatis- mg the fibers of the gluteus medius and 
factory in their results and have been largely minimus muscles by blunt dissection The 
abandoned The so-called extra articular fu periosteum of the femur is incised along 
Sion attempts to short-cut the diseased joint the base of the trochanter and retracted 
and secure an ankylosis between the tro- medially The anterior three fourths of the 
chantenc region of the femur and the side trochanter and two inches of the cortex of 
of the ilium without opening the joint cap the shaft below it is completely detached as 
sule Except in early cases with little joint a single piece with a chisel or saw, leaving 
destruction it is generally impossible to do the muscle and periosteal attachments in 
a purely extra articular fu:>ton of the hip tact The capsule of the joint is next split, 
joint Jlost so-called extra articular fusions the neck of the femur exposed, and the cor 
do enter the diseased jomt, but do not aim tex removed from its superior aspect, leav- 
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Fic. 336 J. C, Wilson fusion of bip joint (A) Skm incision. (B) Capsule 
split, neck and upper part of femur ejqwsed, greater trochanter split (a), and 
graft (b), outlmed on side of Uium. (C) (a) Split in greater trochanter into 
whicli IS placed graft (b) , turned down from side of ilium 


ing a bed of cancellous bone exposed A 
portion of the thickness of the iHum, in* 
eluding the upper rim of the acetabulum, 
is then elevated to form a slot. The section 
of the trochanter and shaft which has been 
freed Is then rotated on itself and its lower 
end introduced into the slot made in the 
ilium The remainder of the graft and its 
upper end (now the lower end) are brought 
into dose contact with the cancellous bone 
of the femoral neck and the base of the 
trochanter. The periosteum of the graft is 
sutured to that of the ilium above and the 
femur below. The wound is closed in layers 
The thigh is then brought to an angle of 
160* (20*) in abduction, and into slight 
flexion. This position locks the graft firmly 
in place. A double plaster spica is applied 
in this position, as described below under 
.\fter-!reatnient. 

J. C. Wilson Technic (Fig 336). The 
capsule of the hip joint is exposed through 
a liberal anterolateral incision. The muscu- 
lar attacbnienls to the greater trochanter arc 
freed With a blunt dissector. The epiphysis 
of the troclianter must be destroyed by 



Fig. 337. X-ray of hip after fusion by 
Wilson method. Note solid bony column, 
extending from trochanter to ilium. 


curetting if it has not ossified, because if 
it IS carUlaginous it endangers the nutrition 
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of the bone flap The shaft of the femur 5 cm m the sagittal axis of the femur A 
should then be exposed for a distance of \ery thin osteotome is used to reflect a fan- 
about 6 cm This will aid m the preparation shaped section of the outer portion of the 
of the trochanteric cleft. The joint capsule ilium after subpenoateal reflection of the 



Fig 338 Gbormley Ij^pe of hip fusion (A) Inasion (B) Hip joint exposed — (a) 
graft cut from crest of ilium, (b) slot col m irodianler, neck of femur, and upper nni of 
acetabulum mto which graft la placed 

Fig 339 Albee method for fusion of tip (A) Graft in place (B) Method of attaching 
grafts to trochanter (Courtesy, Albee, F H InjunesandDisea-esof the Hip, New York, 
Paul B Hoeber, Inc ) 

Fic 340 Henderson method for fusion of hip (A) Graft (b) cut from lateral surface 
of lUum (a), embedded in trochanter and side of ilium. (B) Lateral view showing posi- 
tion of graft (b) 

IS then spht on its superior aspect and the gluteus from this region, the base of the 
anterior superior attachment to the ilium fan, just abo\e the margin of the acetabu 
freed and well retracted The greater tro- lum, bMng left uncut to form a pedicle 
cnanler is then «plit for a distance of about B> exercising a httle caution the bone flap 
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may be turned into the trochanteric cleft 
by bending the pedicle. This is especially 
true m children ^\here the bones are very 
flexible and not easily brohen A greenstick 
fracture of the flap happens occasionally, 
but the blood supply is not necessarily m 
terrupted Since the periosteum of the ilium 
lb remo% ed ith the gluteal muscles, replace 
menl of the muscle dap bnngs the pen 
osleum and fresh bone into contact A solid 
pyramidal section of bone is the result, the 
neck of the femur forming the base (Fig 
337) After closure of the wound, the pa- 
tient IS placed in a previously prepared, 
well dried, warm, bivalved, long double 
spica as described below 
Guoasiixv Technic (Fig 338) The m 
cjsion begins on the '■rest of the ilium, 
three and one half inches posterior to the 
anterior superior spine, and extends down 
ward below the tip of the trochanter and 
then IS curied fonNard to a point four to 
SIX inches below the anterior superior spme 
The flap thus created is turned forward to 
ward the midhne Exposure is effected by 
severing the muscle attachments to the wing 
of the ilium and subpenosteally stripping 
the gluteua niedius and minimus muscles 
from the crest A graft approximately three 
and one half inches long, consisting of the 
crest of the ilium including the anterior 
superior spine, is removed The capsule is 
inascd on the superior aspect from the 
acetabulum to the trochanter A groove is 
then made from the upper rim of the 
acetabulum across the upper surface of the 
head, neck, and trochanter The graft is 
beveled and impacted into this groove 
There are several other procedures of 
merit used in ankylosing the hip m joint 
tuberculosis Among ihece is that of Albee, 
who uses two free grafts from the Ubia em 
bedded in an indentation m the ilium above 
and into clefts made m the trochanter below 
dig 3o9) This IS entirely an extra ariicu 
lar type of fusion and has given very sue 
cessful results. 

The operation of Henderson has also been 


extensively uscu, uuv n ••• 

offer any particular advantage over those 
already described, which are technically and 
physiologically sound and meet the require 
ments for a successful fusion if properly 
performed (Fig 340) 

[For other technics for hip fusion, see 
Clupters 7 and IS —Ed ] 

After treatment The hip should be im 
mobilized m a double plaster spica in a posi- 
tion of IS to 20“ of flexion and at about 
an angle of 160“ (20“) in abduction, mid 



Fic 341 Double hip spica for post 
operative immobilizaUon of hip 


way between internal and external rotation 
(Fig 341) In children, because of the tend 
ency for flexion deformity to develop even 
after fusion, the hip should be placed in full 
extension at an angle of about 160“ in ab 
ducUon (20“) The double spica should ex 
tend from the nipple line to the ends of the 
toes on the affected side and to just above 
the knee on the opposite side This form of 
fixation should be maintained for at least 
two months or until union is clinically pres- 
ent A single plaster spica may then be ap- 
plied, extending from the nipple line to the 
ends of the toes on the involved side and 
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the child allowed to become ambulatory on 
crutches with a high sole on the shoe on the 
unaffected side, and without weight bearing 
on the affected side (Fig 332) This type of 
fixation should be continued for tno months 
longer At the end of this four month 
penod, increasing weight hearing may be 
permitted, the hip joint being protected by 
a short plaster spica or some form of pro- 
tective brace, the former being preferable 
In adults, union is usually firm in four to 
SIX months — in children it may require 
eight months for fusion to become firm All 
cases — adults or children— should remain 
under supervision for several years For 
reasons already given, general measures de 
signed to maintain the individuals general 
condition at its best should be insisted upon 
as long as the patient is under observation 
Such general measures include avoidance 
of fatigue, plenty of fresh air and sunlight, 
and an adequate diet 

Amputation 

Amputation for tuberculosis of the hip is 
seldom indicated Amputation should be re- 
sorted to only in those cases growing pro- 
gressively worse under treatment and in 
whom the x ray shows extensive destruc 
tion Under such conditions, amputation is 
indicated as a life saving measure (See Am 
putations and Frostheses, Chapter 19, for 
procedures ) 

Aescxss 

A tuberculous abscess which develops in 
the course of hip-joint disease should be 
treated conservatively If the abscess ap 
proaches the surface, it may be aspirated 
^Vhen aspiration fails, it should be mased 
through sound sUn, the masion being 
placed as far as possible from the most 
superficial point of the abscess After the 
abacesS has been evacuated, it should be 
closed in lajers niih as much ussue as 
possible placed between the abscess and the 
surface A drainage tube should never be 
introduced into a tuberculous abscess tm- 
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less It has become secondarily infected 
hlost tuberculous abscesses of the hip 
which reach large size unfortunately tend 
to break down and form draining sinuses 

A tuberculous hip joint infection com- 
plicated by one or more chronically dis- 
charging sinuses presents a definite problem 
m management- As previously stated, 
draining sinuses, unless they ore too exten- 
sive, are not a contraindication to fusion, 
and frequently a successful fusion operation 
results in the closure of such sinuses When 
a fusion operaticm is conlramdicated be 
cause of unfavorable local or systemic 
causes, immobilizatiou by a plaster spica in 
which a trap door is made for dressings, 
and general measures directed toward build- 
ing up the general health and improving 
resistance, are the best methods of quiet- 
ing down the local condition so that fusion 
may be earned out later 

Pert 5 

TUBERCULOSIS OF KNEE 

Tuberculosis of the knee ranks next in 
frequency to tuberculosis of the hip About 
SO per cent of the cases occur m the first 
decade of life 

Paiholocv 

In tuberculosis of the knee joint, the pn 
maty focus of infection may be in the 
synovia or m &e bone on one or boCn sides 
of the epiphyseal cartilage The site of the 
primary bone invasion may be either in 
the upper end of the tibia or the lower end 
of the femur Synovial tuberculosis is more 
common m the knee joint than m other 
joints, or else the diagnosis is made earlier 
and before bone involvement which is radi- 
ologically demonstrable occurs This fact is 
of some importance m treatment From the 
pnmaty site of invasion, the disease extends 
into the joint, causing deatruction of joint 
structures and disintegration of the joint 
(Fig 342) Abscess formation occurs in 
about one-third of the cases 



Treatment 

As m all tuberculous joint mtection bo* 
general and local treatment is 
General treatment includes the employ 
menl of all the accepted means for im 
proving health and building up resistance 
and 15 discussed in detail on p 368 Local 
ireatment may be (1) conservative or non 
operative or (2) operative 
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result which can be considered safe Syn 
ovial tuberculosis m children does heal in 
a fair percentage of cases with free move- 
ment and in children conservaUve treatment 

should be given a fair trial when carefully 
made x rays do not reveal a bony focus 
When bone involvement and joint destruc 



Tic 342 \ ray sho ving tuberculosis 
o( knee Note clecalcification of lower 
end of femur and upper end of tibia 
beginning erosion of joint carlibge and 
increased joint «pace 



tion m tuberculosis of knee (A) Brad 
ford frame (B) traction applied below 
knee and (C) weight 

Fig 344 {Bottom lejt) Application 
of plaster spica for tuberculosis of knee 
For ambulation crutches and high shoe 
on una^ected side 

Fig 345 {Bottoii right) Walking 
caliper for ambulatory treatment of tu 
berculosis of knee Note peroneal band 
fitting snugly against tuberosity of 
ischium to carry weight and elevated 
heel of shoe on unmvolved side 


It should be recogm 2 ed that there are 
only two safe end results in tuberculosis of 
the knee— free and painless movement or 
bony ankjlosis Recovery with free motion 
IS puasible only if the infection is confined 
to the s>-no\ia \\'hen bone involvement is 
present scrious and permanent damage to 
the joint has occurred Recovery with atise 
ful joint under such conditions is impossi 
blc and firm bony ankyloais is the only 


tion are shown m the x ray, free motion and 
a satisfactorily healed lesion cannot be an 
tiapated in children or in adults and 
anlylosis by operation is definitely indi 
caled In children however conservaUve 
treatment should be carried out unUl the 
child has reached a fusion age The lower 
age limit for fusion is from six to eight 
years Alany are of the opinion that fusion 
should not be attempted until the age of 
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10 to 12 years has been reached. This by operation in adolescents and adults fol- 
opinion is ultraconservative, however, as lowing a preliminary period of conservative 
bony ankylosis will occur as early as six treatment, and in children without any evi- 
} ears without growth disturbance, provided dent bony focus when conservative treat- 
the fusion operation is adequate and is care- ment lus been faithfully carried out and 
fully performed to avoid damage to the the patient has passed the age of puberty 
epiphyseal cartilage. without the promise of free movement. 



Fig. 346. Arthrodesis of knee for tuberculosis. Line of incision shown 
in insert. (A and A') Bone removed to give a dat surface of contact — 

(a) denuded surface of tibia and femur, (b) denuded under surface of 
patella, (c) denuded areas on femur and tibia, which form bed on which 
' denuded surface of patella rests. (B and B') Same with bone removed 
to follow contours of condyles. 

The fundamentals of treatment of tuber- Nonoperative Local Treatment. This 
culosis of the knee joint, then, may be consists in complete immobilization of the 
stated as follows: (!) Conservative treat- diseased knee joint by traction and circular 
ment in children without any evidence of plaster, and rdief from weight-bearing, 
an osseous focus and those with evident TaAcnoN. When the disease in the knee 
bony involvement until the age of six to joint is acutely active with pain, swelling, 
eight years has been reached; (2) furion and flexion deformity, traction should be 


397 


TUBERCULOSIS OF KNEE 


applied and continued Until these acute 
symptoms subside Adhesive traction is ap 
plied extending from just below the koee 
joint Anchoring the patient on a Bradford 
frame is an essential part of effective trac 
tion treatment m tuberculosis of the knee 
(Iig 343) \Vhen the acute phase of the 
disease has passed, fixation should replace 
traction as the immobilizing agent 
Plaster Immobilization Immobiliza 
lion with plaster is the most effective form 
of fixation in tuberculosis of the knee In 
order completely to immobilize the knee, a 
plaster spici should be applied, extending 
from the pelvis to the ends of the toes 
(Fig 344) In children the knee sliouM be 
fixed m complete extension— in adults in 
10® of flexion Such fixation should be 
maintained for approximately a year The 
major part of the time the patient may be 
ambulatory on crutches with an elevated 
sole on the shoe on the sound foot and 
MiUiout tveight bearing on the involved 
Side Folloning such a period of immobih 
zalion by plaster, if the general condition 
IS satisfactory and the local disease has 
quieted down, a walking caliper should be 
applied and worn for from one to two years 
or longer (lig 345) Such long periods of 
immobilization may be carried out without 
fear of ankylosis because long immobihza 
lion does not lead to fixation Loss of motion 
IS due to disease If (here is a recrudes 
cence of the disease after two years of 
conservative treatment, such treatment 
should be abandoned as soon as the child 
has reached the fusion age, and the knee 
ankylosed by operation 
Operative Local Treatment Operative 
treatment in tuberculosis of the knee joint 
IS designed to ( 1 ) promote bony ankylosis, 
( 2 ) remove all diseased tissue which is ac 
cessible without cither interfering with 
growth or lessening the prospect of bony 
ankylobis The latter objective requires that 
i complete sjnoveclomy be carried out and 
all mfcclcd material be removed In other 
words, fusion of the knee joint should 


always be intra articular with the use of 
such extra articular aids as the operator 
may choose to add 

Aethrodesis of Knee technic (Tig 
346) A tourniquet is recommended, but it 
may be dispensed with [In knee joint 
operations where it is desirable to proceed 
without a tourniquet, troublesome bleeding 
may be largely minimized by the use of a 
high Trendelenburg position during opera 
tion established ten minutes before the 
inasion is made, the patient being lowered 
to the horizontal before closing the wound 
so that final complete hemostasis can be 
assured —Ed 1 The joint is best approached 
through a U shaped incision It begins at 
the level of the internal femoral condyle 
curves downward across the knee below the 
patella and then upward to the opposite 
condyle The patellar tendon is cut across, 
and the Hap consisting of the patellar 
tendon and the anterior capsule is turned 
upward A careful synovectomy should then 
he performed, the crucial ligaments being 
severed to permit free access to the entire 
joint The semilunar cartilages are removed 
Diseased cartilage with a thin layer of bone 
IS then removed with a saw or gouge from 
the articular surfaces In removing the 
cartilage and bone, the normal contours of 
the condyles may be followed and the 
tuberosities of the tibia shaped to shallow 
sockets into which these condyles fit, using 
the bared tibial spine as a tongue to fit into 
the intracondylar notch Some prefer, how 
ever to saw the surfaces off transversely to 
form two flat planes If a valgus or varus 
defomuty is present, the condyles should 
be shaped to overcome this deformity If 
flexion deformity has developed, sufficient 
bone must be resected to allow complete 
extension of the knee In children as little 
bone as possible should be removed to avoid 
interfering with the epiphyses and future 
growth 

Tlus under surface of the patella should 
next be denuded of its cartilage, and the 
anterior surface of the upper end of the 
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tibia and the lo\\er end of the femur fresh femur, the denuded surfaces should be 

ened to form a bed m which the patella brought into exact apposition and Uie opera 

will he as a bone graft between these two tion completed by suturing the patellar flap 
bones when the operation is completed back into place under sufncient tension to 

Some operators prefer to exase the patella keep the patella m close apposition with 



Fio 347 (Le]t, tap) Schematic drawing showing reinforcement of 
arthrodesis by using a triangular graft from upper surface of tibia 
(a) Area from which graft has been remo\ed from tibia (b) graft 
from tibia placed m groove m femur and tibia to bridge line of fusion 
(c) bone cut from femur to provide a groove for graft is placed m (a) 
to flll space in tibia left by moving graft upward 

Fig 348 (Lcjt, bottom) Key s method of maintaining close apposi 
tion of denuded bone surfaces by Steinmann pins through tibia and 
femur and use of a turnbucUe Section removed from plaster cast (a), 
to allow approximation by tumbuckle (c), attached to Steinmann 
pins (b) 

Fig 349 {Right) Authors method of appl>mg Keys method usmg 
two Stemmami pins and figure-of-agbt turns of plater (a) to draw pms 
together and mamtain flim contact of denuded bone surfaces 

There is no advantage in doing this, and if the tibia and femur After the completion 
the patella is removed a possible source of of the operation, a cpica is applied, extend 
bone proliferation which is quite useful as mg from the pelvis to the ends of the toes 
an aid m securing firm ankylosis is lost on the side which has been operated upon 
After completmg the denuding of the patella In children, the knee should be placed m 
and the anterior surfaces of the tibia and complete extension, since some flexion de- 
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formity will later develop In adults flexion 
at an angle of 160“ is the most useful posi 
lion for ankylosis 

In adults the expectancy of securing a 
firm fusion may be enhanced by the use of 
a sliding triangular graft taken from the 
upper end of the tibia (Fig 347) To make 
such a graft, the upper end of the tibia is 
bared after exposure and synovectomy as 
above and a triangular graft is cut one 
half to three quarters of an inch wide and 
long enough to bridge the gap between the 
tibia and the femur A triangular groove of 
sufficient length to receive the upper end 
of the libial graft is then cut in the internal 
condyle of the femur The triangular graft 
is then firmly impacted into the groove m 
the femur and Ubia The triangular piece 
removed from the femur is inserted in the 
vacant space left m the tibia by sliding the 
graft upward Such a graft helps to give 
firm fixation and provides an additional 
source of ossification 

It is important during healing that the 
bone surfaces be kept m close and intimate 
contact To accomplish this Albert Key has 
recommended that one stainless-steel pm 
(lhree*sixteenlhs of an inch in diameter for 
adults and five thirty seconds of an inch m 
diameter for children) be passed through 
the lower third of the femur well above the 
field of operation and another througli the 
tibia below the condyles These pms are 
placed parallel to each other and at such 
distance apart that they may be fitted with 
an extended turnbucUe Following the ap- 
plication of the plaster from the pelvis to 
the toes a circular section is removed at the 
knee, and the lurnbuckles are tightened 
to maintain firm contact of the bone ends 
Tlie lightening is repealed as often as neces 
sary, the degree of pressure being deter 
mined by the bend of the pin (Fig 348) 
The author has been impressed with the 
cflcciivcncss of Keys procedure, since an 
kjlo IS stems to occur more rapidly and 
completely becau«c of the close apposition 
of the bone ends thm> maintained The dan 


ger of applying too much pressure with the 
tumbuckles, however, has called for a 
modification of Key s teclmic This consists 
in driving the pms as Key describes allow 
ing the pms to project through the plaster, 
and, before the plaster is set making strong 
compression against the pms holding this 
compression by figure of eight turns of plas 
ter running from the pm below on each 
side up and around the pm above on each 



Fic 350 K ray showing complete 
bony fusion m two months following an 
arthrodesis and use of Steinmann pins 
and firm compression at site of fusion 
The authors modification v\as used in 
this case 

side (Fig 349) This procedure produces a 
definitely impacting pressure and holds the 
bone surfaces in dose apposition during the 
important eight weeks following operation 
At the same time it avoids the danger of 
making too much pressure as may occur 
with the lurnbuckles This modification has 
worked very satisfactorily and allows the 
cast to he cut down to the level of the groin 
in eight weeks (Fig 350) [The increased 
ngidity of fixation secured by the use of 
the pins IS as important perhaps as the 
element of procure contact The success of 
the modification described by the author 
would seem to subscribe to this Movements 
of the hones at the fusion site are apt to 
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lead to resorption of bone and therefore 
delay or prevent bony union -—Ed ] 

A number of operators feel (hat fixing 
the tibia to the femur with wire nails driven 
through the tibia into the femur gives the 
most adequate fixation, and that such fix 
ation IS a useful adjunct to fusion opera 


be worn for at least two months longer or 
until X ray examination shows that fusion 
is complete It is wise, even after the re 
moval of plaster fixation at the end of four 
months, to apply a walking knee brace with 
a knee cap to be worn for another two 
months or longer, depending upon the 
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Fic 351 (A) Henderson method for fusion of knee for tuberculosis Articular surfaces 
of tibia and femur denuded patelta (a) removed and trimmed and inserted under bone 
flaps turned up from anterior surface of tibia and femur Nails (b) are driven m obliquely 
through tibia and into femur, ends left projecting through skm 

(B and B^) Pulti method for fusion of knee A triangular graft is removed from upper 
anterior surface of tibia after detachment of patellar tendon This graft is reversed and 
its narnjir ends are embedded in a slot cut in anterior surface of lemur, its Joiree end is 
brought m contact with denuded surface of tibia Denuded under surface of patella is 
used to cover graft by resutunng patellar tendon to tibia (Redrawn from (Campbell, 
W C Operative Orthopedics St Louis, C V Mo^yCo) 

Fic 352 Cast to be applied for conv^escent care after arthrodesis of knee 


tions There are also various types of bone 
grafts used to promote osteogenesis, such as 
those described by Henderson, Albee, and 
Putti (Fig 351) 

After treatment The original plaster, 
with or without the pm modification, should 
be allowed to remain on for at least eight 
iveeks At the end of this time it may be 
removed, with the pins if they have been 
used, and a close-fitting arcular plaster, 
reaching from the groin to the ends of the 
toes may be applied (Fig 352) Thisdiould 


density and apparent strength of the bony 
ankylosis (Fig 345) [For treatment of 
complicating abscesses, see p 380, this 
chapter — Ed ) 

Part 6 

TUBERCULOSIS OF ^VNKLE 
AND FOOT 

From 10 to IS per cent of the tubercu 
losis of the lower extremities occurs in the 
ankle joint It is next in frequency to tuber 
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culosjs of the <!pine, hip, and knee It is 
more common m children than in adults 

Pathology 

The primary lesion in tuberculosis of the 
ankle and foot may be in synovia or in 
bone When tlie primary involvement is in 
the hone the astragalus is most commonly 
invaded Next in frequency is the os calcis 
and then the lower end of the tibia Occa 
«ionally Uie disease may originate m one of 
the tarsal bones other than those mentioned 
such as the scaphoid cuboid or one of the 
metatarsals The fust metatarsal is the most 
commonly involved of the metatarsal bones 
When the disease originates below the anUe 
joint it shows considerable tendency to 
spread and gradually involves both the 
tarsus and the metatarsus (Pig -353) Tu 
bcrculous disease of the ankle and foot, a 
destructive process eventually leads to 
abscess formation and such abscesses may 
rupture and produce draining sinuses 

Treatuent 

The treatment of tuberculosis of the 
ankle and foot includes both general mcas 
urcs and treatment directed toward the 
elimination of the local disease General 
trealiiicnt is described on p 36S Local 
treatment mav be (1) conservative or non 
operative or (2) operative 

Tuberculosis of the anl le and foot can be 
considered to be healed only if there is re 
covery with normal motion or vyith firm, 
bony ankylosis between the involved bones 
Recovery with normal motion can be cx 
peeled onlj if there is no bone involvement 
or destruction— in other words only when 
the involvement is confined to the synovia 
Once there is osscus invasion and actual 
joint destruction solid bony ankylosis is 
Uie only outcome which is safe or wbidi 
will permit normal weightbearing There 
ire liowever two other alternatives to bony 
arthroilesis— resection of a single bone 
which IS involved ir imputation Amputa 
lion IS more commonly performed for tuber 
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culosis of the ankle and foot than for any 
other joint Conservative treatment is mdi 
cated m pure synovial involvement in 
children up to the age of six to eight years 
Operative treatment should be earned out 
m adolescents and adults and in children 
over tlie age of six years who show evidence 



Fig 353 \ ray of tuberculosis of foot 
and ankle Decalcification of tarsal bones 
and bases of metatarsal bones with loss 
of outline and collapse of bones is plainly 
evident 

of bone involvement unless conservative 
measures are leading to firm bony ankylo 
sis Operative treatment is also indicated in 
children without evidence of osseus involve 
nient who have had adequate conservative 
treatment and who have passed the age oi 
puberty without the promise of free move 
ment 

Nonoperative Local Treatment This 
Consists of complete immobilization of the 
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diseased joint and complete rehef from least another > ear (Fig 345) All cases of 
weight bearing Immobibzaticn is best se tuberculosis of the ankle and foot should 
cured by a plaster encasement extending remain under supervi'^ion for <;e\eral jears 
from just below the knee to the ends of the If there are any signs of recurrence of the 
toes Relief from weight bearing is secured disease rigid treatment should be resumed 
by the use of crutches and an elevation on and when the individual has reached a suit 
the sole of the shoe on the sound foot (Fig able age the invoked joint or joints should 
3S4) Various devices are used to permit be miyiosed by a fuson operation 



fio SS4 Cast appf erf for tu6ercuibstso/aiiife Cast extenc^ iVora encfe oi' foes 

to just above knee Eleiat^ shoe on sound foot 
Fig 355 (Rtg/it) (A) Curved incision passing around external malleolus for exu ion 
of astragalus or cuboid tone (B) Inc sion placed over scaphoid internal cuneiform and 
first metatarsal bones for excision of one or alt of these bones 

ambulation without crutches such as plaang Operative Local Treatment In the 
on the affected leg a walking stirrup em ankle and foot this includes re'^ection of 
bedded m the circular plaster Iromobiliza single bones fusion and amputation 
tion in plaster must be maintained for at ExasioN of SI^CLE Bones At times 
least 12 months and usually longer WTien tuberculous disease of the ankle is confined 
the joint has become completely quiescent to a single bone Such a single diseased bone 
or the X ray exam nation indicates that bony may be excised and primary and complete 
ankylosis is occurring gradual wei^t healing maj result (Fig 335) If there are 
bearing may be pernutted using a walkmg draining sinuses the result is far less prom 
cahper brace to protect the ankle for at ismg although healing does occur under 
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such circumstances If, however, several 
bones of the foot are involved, the excision 
will probably not be followed by success, 
and m children conservative measures are 
safer than resection Curetting is valueless 
Any bone involved must be excised en masse 
Later reconstruction operations may be nec- 
essary to bring about proper alignment of 
tlie foot (See section on reconstructions of 
foot after poliomyelitis Chapter 7 ) 

Fusion Operations Fusion operations on 
the ankle may be intra articular or extra 
articular 

EXTRA AimcuEAH FUSION This may be ac- 
complished by an anterior approach or a 
posterior approach Campbell has described 
a very useful posterior approach, which has 
a distinct advantage in that it exposes both 
the ankle joint and the subtalar joint, vvbicb 
IS intimately connected with the ankle joint 
and may be involved in the tuberculous 
process (Fig 356) 

Campbell Technic An incision three 
inches m length is made over the posterior 
a'ipcct of the ankle joint medial to, and 
parallel with, the tendo achillis, and is ear- 
ned down beside this structure to the pos 
tenor capsule The flexor hallucis longus 
tendon is retracted medially The posterior 
capsule IS not incised By means of an 
osteotome, large flaps of bone are turned 
down from the posterior aspect of the tibn 
ind upward from the superior surface of 
the os calcis, overlapping at the level of the 
ankle joint This provides a massive extra- 
articular bony bridge across the joint 
(Fig 357) 

INTRA ARTICULAR FUSION TcChlttC lotra- 

articular fusion may be performed as fol 
lows The joint is approached by a five inch 
anterior inciMOn m the sagittal plane, divid- 
ing Uie skm and subcutaneous tissue and, 
more deeply, the transverse crural -i nd 
cruciate ligaments (Fig 3S6 A) The exten- 
sor Inllucis longus and the fibiahs anticus 
tendons, together with the dorsalis pedis 
xricry, seins, and deep peroneal nerve, are 
retracie<l medially, and the extensor digi- 


lorum longus tendon laterally The anterior 
lateral malleolar artery and vein are divided 
and hgated The periosteum over the Ubial 
diaphysis is incised, but one should avoid 
stripping the periosteum over the epiphyseal 
cartilage The articular cartilage over the 
lower end of the tibia, external malleolus, 



Fig 3S6 (Top) (A) Anterior ap 
proach for fusion of arikle joint (B) 
Poslenor approach of Campbell for fu 
ston of ankle joint 

Fig 357 (Bo(lom) Extra articular 
fusion of ankle joint by method of 
Campbell 

and the superior surface of the astragalus 
ire completely removed together with all 
diseased tissues, and these denuded areas 
brought into close contact (Fig 358) It 
adds to the efficiency of tlie operation if, 
as recommended by Hibbs, through the 
same incision, bone is gouged from the 
lower end of the tibial diaphysis, well above 
the epiphyseal cartilages (children), and the 
small bone chips thus secured are wedged 
into the joint, to make firm bone contact 
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and to eliminate the dead spaces If the graft is applied over the ankle joint in con 
subtalar joint is involved, it should be de tact with denuded tibia and astragalus 
nuded of its cartilage (inferior surface of If a sliding graft is used, a full thickness 
the astragalus, superior surface of the os cortical graft, one inch wide and tuo indies 
calcis, the head of the astragalus, and the long, is removed from the tibia immediately 
proximal surface of the scaphoid) and the above the joint surface A gutter of suitable 
joint spaces completely eliminated In chil dimensions is cut in the anterior portion of 
dren in the growing period reinforcement the body and the superior surface of the 
of the fusion with a hone graft is contra neck of the astragalus With the astragalus 
indicated, smce it would fuse the lower and the articular end of the tibia properly 



Fig 358 Fic 359 


Fig 358 Schematic drawing of intra articular fusion of ankle Note 
area of denudation necessary 

Fig 359 Intra articular fusion reinforced with sliding graft (A) Graft 
(a) outlined over lower end of tibia, (b) gutter outlined over astragalus 
'vrr/A *>iruni vtoa Vrifignig 'jocft 

astragalus may be placed above to fill gap m the tibia Such a graft may 
extend forward to cuneiform and cuboid bones if necessary 

tibial epiphysis and interfere with bone aligned the sliding graft from the tibia is 
growth In adults it is usually desirable to moved down across the joint, and its lower 
supplement the mtra articular arthrodesis half countersunk in the gutter of the as 
by a bone graft This may be an osleopen tragalus (Fig 359) The transplant graft 
osteal graft, a sliding onlay graft, or a is removed from another portion of the tibia 
transplanted graft and placed in a window of equal dimensions 

The osteoperiosteal graft is removed from cut m the anterior aspects of the tibia and 
the lower four inches of the exposed tibia astragalus 

with a chisel The superior surface of the If it is desired to ankjlose the subtalar 
neck and anterior portion of the body of joint at the same time as the ankle joint, 
}hp astragalus are next denuded and the the graft should be continued dowm across 
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Ihib joint extending into the scaphoid and 
cuboid bones With such a graft, an extra 
articular fusion of the subtalar joint is 
secured by fixing the astragalus to the 
cuboid and scaphoid, thus preventing any 
motion m the subtalar joint (Fig 360) 
After treatment After the operation on 
the ankle has been completed it is inimo 
bilizcd in arcular plaster extending from 


ankle is 10° of equinus, since this will 
permit Uie use of a moderately high heel 
(Fig 361) The original plaster should be 
changed at the end of two w eeks and a snug 
fitting one with little or no padding applied 
Such a change of plaster enables a much 
better fitting one to be applied, allows the 
equinus position to be checl ed, and permits 
any desired alteration m the position of the 


Fig 360 (Left) X ray of ankle fused with sliding graft Graft bridges anUe 
joint, extending foniard to scaphoid bone thus fusing subtalar joint 

Fio 361 Cast applied in 10° of equmus — the proper angle for fusion 

of ankle joint to permit comfortable walkmg (oUovMng arthrodesis 


the midlbigh to the ends of the toes It is 
of paramount importance that tlic foot be 
placed in the proper position of equmus 
If there is too little equmus a stiff, peg 
Icogcd gait will result If loo much equmus 
IS present, a halting awkward gait will re 
suit With the proper degree of equinus, the 
indiNidual will walk with scarcely a per 
ctpublc limp The optimum position for the 


foot to be made Plaster fixation should be 
maintained until bony fusion is present by 
xray This requires usually from three to 
SIT months 

Amputation This is rarely indicated in 
children, but is advisable in adults when 
there is extensive involvement of the tarsal 
bones Such a type of involvement does not 
respond readily to conservative treatment, 
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and jt IS impossible to establish firm, bony 
ankylosis by any type of fusion operation 
In adolescents when several tarsal bones 
are involved and there are draining sinuses, 
amputation frequently is the proper course 
to take, since extension to other joints or a 
tuberculous memngitis will hkely develop 
if the offending foot is not removed [For 
procedures and optimum levels, see Ampu 
tations and Prostheses, Chapter 19 For 
treatment of complicating abscesses, see p 
380 -Ed] 


bead The synovia seems to be rarely m 
volved primarily The mo<t common form 
of tuberculosis of the shoulder is the so- 
called dry form, in which there is gradual 
destruction of the head of the humerus and 
replacement of bone and cartilage by granu 
lation tissue There gradual wearing awa^ 
of the humeral head, which becomes de 
formed Eventually there is a flaltening out 
of the glenoid fossa In this type there is 
btUe tendency to abscess formation, it is 
known as “caries sicca’ (Fig 362) In the 



Fic 362 {Left) X ray showing tuberculosis sicca of shoulder joint Heating away 
of head and flattening of glenoid are evident 
Fig 363 Shoulder spica applied for tuberculosis of shoulder joint Spica 

IS applied in from 50 to 75” of abducbon and inclmed somewhat fonrard 


Part 7 

TUBERCULOSIS OF SHOULDER 

Tuberculosis of the upper extremity is 
uncommon compared to that of the loner 
extremity, and compri'Cs only about 1 to 2 
per cent of the tuberculous infections of 
the extremities Involvement of the shoulder 
is quite rare in children 

Pathology 

The primary focus of involvement is most 
commonly m the humerus, usually m the 


more unusual ‘ wet ’ form there is abscess 
formation, and a rather rapid destruction of 
the entire shoulder jomt 

Treatment 

As m all tuberculous conditions, treat 
menl muat include general measures to 
build up the general resistance and measures 
designed to care for the local disease Gen 
eral treatment is fully discussed on p 368, 
and need not be repeated here Local treat 
ment may be (1) conservative or non 
curative or (2) operative 
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Tuberculosis of the shoulder, since it is 
usuallj primary m the bone, results in early 
joint destruction, and recovery with a niov 
able joint is not to be anticipated Bony 
ankylosis is the only outcome which can be 
considered safe or satisfactory Bony an 
kylosis may be secured by conservative 
treatment through prolonged immobiliza 
lion However the same result can be 
obtained by surgical fusion m a mudi 


ation in a plaster «pica extending from the 
webs of th^ hngers to include the shoulder 
and the trunk down to below the iliac crests 
The arm should be placed m 50 to 75° of 
abduction and mclmed somewhat forward 
(Fig 363) If conservative treatment is to 
be followed throughout such a cast must be 
worn for many months until the x ray shows 
good solid bony ankylosis of the shoulder 
joint 



Fic 364 



Fic 364 \\atson Jones technic for fusion of shoulder (A) Incision (B) Superior and 
inferior surfaces of acromium are denuded spme of scapula and clavicle are fractured 
and dcprcs«cd acromium i» embedded in notch made m greater tuberosity 
Tie 365 Intra and extra articular fusion according to technic of Gill (A) Line of 
incision (B) Denuded acromium (a) denuded glenoid (b) denuded head of humerus 
(c) cleft cut m greater tuberosity of humerus (d) (C) Manner m which denuded sur 
faces come in contact ns arm is abducted 


shorter time and with much greater cer 
tamty Ankylosis by a surgical operation 
then, IS the method of choice in the treat 
ment of tuberculosis of the shoulder par 
licularly since it usually occurs m adults 
and the question of nge does not enter the 
picture Conservative treatment should be 
earned out only during the period required 
to arrive at a correct diagnosis or during 
a stage of severe acute local and general 
numfcstalions 

Conservative Local Treatment Con 
scnativc treatment consists in immobihzmg 
the shoulder m the optimum position for 
u^c Immobilization is best secured by fix 


Operative Local Treatment This con 
sists in bringing about bony ankylosis of 
the shoulder joint by operation Ankylosis 
of the shoulder may be secured by intra 
articular or extra articular fusion or by a 
combination of intra and extra articular 
fusion It IS difficult to bring about a bony 
ankylosis of the shoulder joint by a purely 
intra articular type of fusion and this type 
of operation has been pracucally abandoned 
Extra articular fusion or a combination of 
intra and extra articular fusion gives the 
best results The following are the types of 
operation most commonly used 
Extra articulab Ilsions waison 
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JONES TECHNIC (Fig 364) A \ertical ina 
Sion SIX inches in length is made on the 
lateral aspect of the shoulder, the center of 
the incision being over the acromioclavicu 
lar joint The upper third of the humerus, 
the outer third of the clavicle, the acromio 
clavicular area, and the outer third of the 
spine of the scapula are exposed by sub 
periosteal dissection The attachments of 
the deltoid to the clavicle acromion, and 
spine of the scapula are severed The su 
perior and inferior surfaces of the acromion 
and clavicle are then denuded of cortex 
down to cancellous bone Beginning at the 
outer face of the upper end of the greater 
tuberosity of the humerus immediately be 
>ond the capsular attachment, a broad 
osteotome is driven downward and a bone 
flap one inch wide and two inches long is 
wedged outward the base remaining intact 
The clavicle and spine of the scapula are 
fractured at their distal thirds and angu 
lated downward permitting the acromion 
process and a portion of the clavicle to be 
wedged beneath the bone Sap raised from 
the humerus when the arm is abducted If 
desired, bone chips or an osteoperiosteal 
graft taken from the tibia may supplement 
this procedure 

Intba articular Combined with Extra 
ARTICULAR Fusion gill technic (Fig 365) 

A dorsolateral semicircular incision is made 
across the shoulder^ beginning one half inch 
below the acromion At the midpoint of the 
incision, a vertical cut is earned vhiwnvvard 
for a distance of two inches After proper 
exposure, the inferior and superior surfaces 
of the acromion are denuded, leaving the 
periosteum intact proximally The head of 
the humerus and the glenoid are then di 
vested of articular cartilage, the humerus 
IS spilt longitudinally, and the thin, outer, 
and anterior portion is reflected sbghtly 
outward A wedge of bone with its base 
upward is removed from the remaining inner 
portion of the head, forming a cleft into 
which the denuded acromion iits when the 
arm is in abduction The capsule wbidi 
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remains attached to the reflected anteric 
and outer osseus flap is sutured to the fascia 
and the periosteal flap on the superior sur 
face of the acromion This is a combined 
type of intra and extra articular fusion 
After treatment Following whatever 
form of fusion has been earned out, a 
plaster <;pica should be applied from the 
webs of the fingers to include the shoulder 
and the trunk as far down as the crest ol 
the iha (Fig 363) The shoulder should be 
placed in about 75“ of abduction m adults 
and 90® of abduction in children in both 
the arm should be placed m about 45 to 
60“ of forward flexion The spica should 
be worn until there is unquestioned evidence 
by X ray of solid bony fusion The time 
needed for adequate bony fusion is from 
three to four months at a minimum 
(For the treatment of complicating ab 
scesses, see p 3S0 Other variations in 
technic for shoulder fusion are described m 
Chapters 7 and 15 —Ed ] 

Part S 

TUBERCULOSIS OF ELBOW 

Tuberculosis of the elbow joint is not v ery 
common but is more frequent than tuber 
culosis of the shoulder It is more commonly 
met With in adults than in children 

Pathology 

It is generally considered that the pri 
mary focus in tuberculosis of the elbow is m 
the bone Alost frequently the disease orig 
mated in the olecranon, and the next modt 
frequent primary site is the external condyle 
of the humerus The head of the radius is 
rarely primarily involved However, pri 
mary synovial tuberculosis is probably more 
frequent than the records would indicate, 
and the failure to make an early diagnosis 
at this stage of the disease is responsible for 
the low incidence of reported cases of sj n 
oviai tuberculosis of this joint The course 
of the disease is i general spread from the 
original focus to the entire joint with de 
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structioji of the joint structures, eventual 
abscess formation, and the formation at 
limes of a discharging sinus (Tig 366) 

Treatment 

The treatment of tuberculosis of the 
elbow must include both general measures 
designed to build up the general resistance 
and local measures to combat the local dis 
ease General treatment is discussed on p 
368 Local treatment may be (1) conserva 
live or nonoperative or (2) operative 
If treatment is begun early recovery with 
a useful amount of function may be ex 
pected m children m a fair percentage of 
cases In these cases, then, conservative 



I JO 366 \ ray of tuberculosis of 
elbow, anteroposterior (/e/0 and lateral 
{right) views Dccakification, blurting 
of joint outline, and bone destruction 
without new bone formation arc evident 

treatment should be given i fair trial, and 
fusion b> operation dclajed until it is evi 
dent tliat recovery with useful function can 
not be anticipated When, however, a ca«e 
IS seen m vvhidi extensive joint destruction 
has taken place, time will be saved and a 
more certain result will be obtained by a 
surgical arthrodesis 


Conservative Local Treatment This 
consists m complete immobilization of the 
elbow joint by a circular plaster, extending 
from the axilla to the wrist The elbow 
should be held in a position of 90° of flexion 
with the forearm nudway between prona 
tion and supination (Fig 367) Fixation 



Fic 367 Plaster dressing ap 
plied for immobilization m tuber 
culosis of elbow Dressing extends 
from axilla to webs of Angers 
elbow m 90® of flexion and fore 
arm m midpronalion and supina 
tion 

should be maintained for from 12 to IS 
months If, at the end of such a period of 
immobilization a painless useful amount 
of motion is not present m the elbow joint, 
conservative treatment should be abandoned 
and ankylosis secured by a surgical opera 
tion 

Operative Local Treatment The objec 
live of operaiiv e treatment should be a firm 
bony ankylosis of the elbow joint Resection 
of the elbow in adults is widely advised and 
has given excellent results However, the 
danger of a flail elbow, which is much less 
useful than a stiff elbow in a useful position, 
males this procedure less desirable than 
that of arthrodesis f \ flail elbow may fre 
quently be adequately stabilized by the use 
of a li^hl weight brace consisting of laced 
leather cuffs about the upper and lower 
arms in whidi are incorporated side bars 
jointed at the elbow The leather cuffs 
should be molded to casts made of the parts, 


410 


TUBERCULOSIS OF BONES AND JOINTS 

and the side bars made to conform to their dultlren Fusion, then in the author s opir 
shape The side bars are best made of heavy ion, is the method of choice when surgery is 
spring steel rather than from the flat bars indicated Tm o types of fusion operation are 
ordinarily used The frequent failure of such in general use 

braces to give stability and their tendency Fosion of Elbow tlchmc (Fig 368) 
to shift and slide is at least in part, due to The incision is made over the posterior as- 
the fact that they are ordinarily made with pect of the elbow centering over the tip of 
rigid bars and that the bars are made firet the olecranon and extending three inches 
and the cuffs then attached to the bars If distal and three inches proximal to this 
the cuffs are made first and carefully molded point Dissection is carried through the 
on casts of the parts from not too flexible triceps muscle to the posterior surface of 
leather and the semiflexible spring steel the humerus and the olecranon process 



Fig 368 Fic 369 

Fig 368 Fusion of elbow for tuberculosis (A) Line of incision, (B) denuded areas 
(a) loner end of humerus and head of radius (b) articular surface of upper end of ulna 
Fig 369 Fusion of elbow (A) Same area denuded as in Fig 368 and in addition 
posterior surface of lower end of humerus and upper end of ulna denuded to provide abed 
for osteoperiosteal graft (B) O>teoperiosleal graft in pbce 

bars then accurately shaped to the cuffs, of the ulna The joint is opened, and the 
adequate stability without an annoying cartilage removed from the whole lower end 
tendency for the brace to slip and shift can of the humerus and from the upper ends of 
often be secured The proper type of brace the radius and ulna As a rule ankylosis will 
may make it possible to secure a movable occur following such denudation, if the 
elbow which is stable after resection in bared bone surfaces are brought into firm 
those cases where the patient s livelihood or contact and held there for three to four 
pleasure or contentment is dependent upon months 

a reasonable range of painless motion at the An additional aid to fusion is provided by 
elbow The ordinary brace is not satisfac adding an osteoperiosteal graft (Fig 369) 
tory in most instances after elbow resecuon When such a graft is used, the posterior 
—Ed ] Resection should never be done m surface of the low er end of the humerus and 
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the olecranoa process of the ulna are ^ 
nuded down to cancellous bone after the 
inlra articular denudation has been accoin- 
plished An osteoperiosteal graft of suitable 
dimensions is tahen from the tibia, and its 
osscua aurface placed in firm contact with 
the denuded area of Uie humerus and 
olecranon The graft is held m place by 


the olecranon for a distance of about two 
and a half inches, with the periosteum and 
triceps tendon intact, is removed and re 
fleeted proxiraally, hinged on the triceps 
attachment A slot is next cut obliquely 
upward into the humerus at the upper bor 
der of the olecranon fossa The detached 
olecranon process is then mobilized, rotated 


Fig 371 



iia 370 Hallock s technic for fusion of elbow (A) Section of olecranon with triceps 
attadied remo\ed and groo%e (a) cut m posterior surface of lower end of humerus 
(B) Slot (a) in lower end of humerus (C) Detached and rotated section of olecranon 
embedded in slot in humerus with its denuded surface in contact with denuded surface 
of remainder of olecranon (Redrawn from Jour Bone and Joint Surg , 14 145 ) 

Fig 371 Schematic drawing of excision of elbow Line of incision shown in black line, 
area to be removed shown in shaded lines 

Fig 372 Brace used following excision of elbow to provide stability and permit motion 
two cults, two side irons, and an elbow joint 


suture to the idjacenl periosteum and by 
firm closure of the wound 
iiallock’s techmc (Fig 370) With the 
patient in the prone position and the elbow 
m flexion, the joint is exposed through a 
dorsal midline incision \fter stripping the 
soft parts from both sides of the olecranon 
process and down the posterior border of 
the shaft of the ulna, the postenor half of 


through 180°, and the end forced into the 
slot in the humerus The distal portion of 
the graft lies in contact with the bared 
stump of the ulna If desired, a few bone 
chips may be placed along the line of con- 
tact with the ulna Chromic catgut sutures 
anchor the olecranon graft in place This is 
an attempt at extra articular fusion, al- 
though It is not really an extra articular 
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fusion as the joint cavity is entered No 
attempt, however, is made to remove the 
cartilage from the humerus and the upper 
end of the radius and ulna [For further 
discussion of elbow joint fusion, see Chap- 
ters 7 and IS — Ed ] 

After treatment Following operation the 
elbow joint should be immobilized in a ar 
cular plaster extending from the axilla to 
the palm The elbow should be held in 90“ 
of flexion and the forearm midway between 
pronation and supination At the end of two 
weeks the plaster may be removed, the 
stitches removed and a new and snugl> 
fitting arcular plaster applied with the 
elbow and forearm in the same positions 
Such fixation should be maintained for at 
least three to four months until x ray exami 
nation shows that bony ankjlosis in the 
joint IS established 

Excision op Elbow Joint technic 
(Fig 3?l) A longitudinal incision is made 
over the posterior lateral aspect o! the 
elbow extending from four inches above to 
at least two inches below the joint This 
inusion is carried through the superficial 
tissues and fascia The triceps muscle is 
incised down to the humerus, parallel with 
the external border of its aponeurosis The 
posterior capsule of the elbow joint is then 
opened and stripping of the deep structures 
IS carried on to bare the upper ends of the 
radius and ulna as far down as at least one 
inch below the head of the radius The pen 
osteum and soft tissues are stripped from 
the lower extremitj of the humerus and the 
bone dmded ju I above the condyles, as 
much as possible of the metaphysis being 
left The upper ends of the ulna and radius 
are excised, as a rule, just below the level 
of the head of the cadius, more extensive 
excision will result in a loose, flail joint 
The synovial membrane and all diseased 
tissue possible should be removed before the 
wound IS closed 

After treatment The arm is maintained 
in a right angle elbow cplmt for at least 
four weeks At the end of this time muscle 
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education with active use should be insti 
luted The result should be a reasonably 
<«cviceable elbow, although a rather un 
stable member results m the majority of 
cases If the joint is so unstable as to inter 
fere with satisfactory use, the instability 
can be corrected bv a brace consisting of a 
cuff for the arm and a cuff for the forearm 
with two side bars and a joint at the elbow 
(Fig 372) (See note OB p 409, in regard to 
elbow braces —Ed ] 

Amputation 

Amputation is rarely indicated m tuber 
culosis of the elbow joint Occasionally, in 
older individuals with extensive destruction 
of the joint and abscess formation, amputa 
tion must be resorted to On rare occasions 
ca«es are seen in children m which the dis- 
ease has Te^uited in great destruction and 
numerous draining sinuses which make it 
impossible to do a fusion operation WTien 
such a condition exists, it is often wise to 
resort to amputation, but Qnl> after pro- 
longed and careful conservative treatment 
has demonstrated that cure of the local dia 
ease in this way cannot be anticipated [For 
levels and procedure, see Amputations and 
Frostheses, Chapter 19 For treatment of 
complicating abscKses ^ce p 3S0 —Ed ] 

Part 9 

TUBERCLLOSIS OF WRIST 

Tuberculosis of the wrist is rather un 
common but in the authors experience it 
is more common than tuberculosis of either 
the shoulder or the elbow However, it is 
generally considered by most observers to 
occur less frequently than tuberculosis of 
the elbow It is more common in adults than 
\a chiliken 

Pathologv 

The primary focua of tuberculosis of the 
wnst is usuallj m the lower end of the 
radius, but it ma> be in the carpal bones 
(Fig 373) The disease tends to spread rap- 
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idly and to m\oKe the entire synovia of the 
irnst joint /M^cess formation is not com 
nion in children In adults, however, abscess 
formation occurs early in the course of the 
disease and tends to invade the tendon 
sheaths and produce a complex ganglion of 
the wrist by working under the annular 
lifjjment and appearing in the lower part 


treatment should be bony ankylosis Con 
servative measures in children as a rule, 
give bony ankylosis if persisted m for a 
sufficient length of time and should be the 
treatment of choice in those cases In adults 
conservative measures are not so successful, 
and ankylosis by surgical operation is defi 
oitely indicated 



Fio 373 X ray of tuberculosis of wrist DecalaficaUon loss of bone 
outline and loss of articular cartilage over lower end of radius and 
proximal row of bones are evident 


of the forearm above the annular ligament 
as well as below it over the wrist and palm 

Treatment 

General measures to build up body re 
sistance and local measures aimed at con 
trolling the local disease are indicated Gen 
eral measurci. nre discussed on p 368 Local 
measures imy be (1) conservative or non 
operative or (2) operative 
Tuberculosis of the wrist is rarely cured 
with a movable wrist, and the object of 


Nonoperative Local Treatment This 
consists in complete immobilization of the 
wrist joint m a circular plaster This should 
extend from well above the elbow to the 
webs of the finger with the elbow at 90® of 
flexion and the forearm m the mid position 
between pronation and supination The 
wnst should be in 35® of dorsiflexion (Hg 
574) Strict immobilization should be main 
tamed for from 12 to IS months If anky 
losis IS progressing satisfactorily at the end 
of this lime, a cock up splint may be ap- 
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pUed This should be worn for anolher six 
months or until ankylosis is complete as 
shown by i ray 

Operative Local Treatment This may 
consist in excision of the carpal bones or a 
surgically produced ankylosis of the wnst 



Fio 374 Plaster dres-ing for 
munobilization m tuberculosis of 
wrist Cast extends from upper 
part of arm to neb of fingers mtb 
wrist in h>perexteaston and fore 
arm in midpronation 
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joint In the authors opinion, fusion is to 
be preferred to exasion as giving a more 
useful wrist and a more satisfactory result 
However exasion is quite satisfactory in 
the adult if it IS done early it should not be 
attempted if there is extensive deslruclion 
of the wnst joint It should never be done 
in children 

Fusion op Wsist techmc (Fig 37S) 

V posterolateral masion is made over the 
radius, extending three inches above the 
nnst joint and two inches below the wnst 
joint The tendons of the extensor propnus 
mdias and the extensor pollicis longus mus 
cles are separated and the jomt and the 
lower extremity of the radius are exposed 
\ll diseased tl$^ue and bone ate removed 
from the affected area This may necessitate 
the excision of one or both rows of carpal 
bones Depending upon how much bone has 
been removed the articular surfaces of the 
distal row of carpal bones or the bases of 
the metacarpal bones are denuded of car 
tilage as are al«o the articular surfaces of 
the radius and ulna The denuded osseous 
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Fig 375 Intra-arUculai fusion of wnst for tuberculosis Lower end of radius and ulna 
and proximal surfaces of scaphoid and semilunar tonfc> are denuded 

Fig 376 Intra articular fusion reinforced by bone graft (A) Bones of wriet denuded 
graft (a) outlined over loner end of radius and groove (b) over wTist bones (B) Graft 
(a) moved down mto groove in wnst bones, bndging gap, bone (b) taken out to form 
groove m wnst used to replace bone taken from radius 
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surfaces are then broUjjht into firm contact 
/\s an additional aid to fusion, a sliding 
graft from the lower end of the radius may 
be used (Tig 316) IV hen such a graft is 
used, It IS cut from the dorsal surface of 
the lower end of the radius It should be of 
sufticient length to bridge the gap between 
the radius and the denuded carpal or meta 
carpal bones as the case may be The graft 
IS slid down info firm contact with the 
dorsal surfaces of the carpal or metacarpal 
bones which have been denuded down to 
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removed, the smcnes reniuveu, auu « 
snugly fitting one applied This should be 
worn for from three to four months, or until 
bony ankylo«is is evident by x ray (Fig 
377) The plaster need not extend above the 
elbow after the first month and use of the 
fingers should be insisted upon after the 
first four weeks 

Excision technic (Fig 378) A straight 
inasion three inches long is made over the 
dorsal surface of the wrist m line with the 
ulnar border of the shaft of the radius 



Fig 378 


Fig 377 \ ray showing fusion of wrist Proximal row of bones has been removed 
Fusion is firm 

Fig 378 \ ray showing excision of wrist Line of incision shown by black line Bone 
removed in shaded lines 


cancellous bone Ibis graft is held firmly m 
place by chromic catgut sutures and by firm 
closure of the wound An osteoperiosteal 
graft taken from the tibia may be used in 
place of the sliding graft from the radius if 
desired It is applied and held in the same 
manner 

tjtcr care The wrist is immobilized m a 
circular plaster extending from well above 
the elbow to ilie webs of the fingers with 
the elbow at a right angle and the wrist m 
35® of dorsiflexion and midway between 
pronalion and supination The plaster is bi 
V lived immediatdy to allow for postopera 
ti\e reaction In two weeks it may be 


Dissection is carried through the fascia and 
between the tendons of the extensor indicis 
propnus and the extensor longus pollicis 
down to the radius thence through the 
capsule of the wrist joint to the base of the 
second metacarpal bone The periosteum 
over the lower end of the radius and over 
the bases of the metacarpal bones is 
stripped away and the entire carpus and 
the triangular fibrocarfilage are excised The 
articular surfaces of the radius and ulna 
are then removed down to normal appeanng 
bone Occasionally, excision of one half 
inch of the metacarpal bones may be neces 
saty 
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After care The wrist is immobilized m a 
cock up splint to maintain dorsiflexion until 
the immediate po«toperati\e reaction has 
subsided Active exercise of the fingers is 
begun on the fourth or fifth postoperative 
day At the end of two weeks a pla<5ter en 
casement is applied from the upper third 
of the arm to the heads of the metacarpal 
bones After three months, active exerase 
IS instituted in the wrist, the wrist being 
supported between exercise periods by a 
leather wn«tlet This may be discarded in 
SIX months or worn indefinitely 

{For treatment of complicating abscesses, 
see p 380 — Ed ) 
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Joint Infection and Arthritis 
(Except Tuberculosis) 

J Albert Key, M D 


Part 1 General 


Treatment of Acute Pyogenic Ar- 
thritis The patient with acute pyogenic 
arthritis is iH with an acute infection and 
needs general treatment as well as treat 
mcnl for the local joint disease The general 
treatment includes (1) sedation, which 
should be ample to enable the patient to 
gti the required amount of rest, (2) the 
assurance of a sufficient Huid intake and the 
correction of any dehydration which may 
be present , (3) transfusion, if the red blood 
count has been depleted below about 
4,000,000 and (4) chemotherapy 
If the organism is known to be slreplo 
coccus, sulfanilamide m full doses should 
be given For an adult we usually give from 
IQ to UQ gt a day On the other hand, 
the organism is unknown, it may be either a 
streptococcus or a staphylococcus, and for 
this reason suUathiazole is the drug of 
clioice For an adult we usually give an 
miliat (iobC of 2 Gm , and this is followed 
by I Gm every four hours until the fever 
subsides The joint should be aspirated and 
the fluid examined for the determination of 
the type of pus, and a smear and culture 
should be made m order to determine the 
type of organism present 
If a streptococcus is the offending oi^an- 
ism, u may be worth while to treat the 
joint by the injection of a suspension of 


sulfanilamide, or of sulfathiazole directly 
into the joint after tlie fluid has been aspi 
rated Since these drugs are relatively in 
soluble in water, the dry powder should be 
mixed with normal salt solution, drawn up 
into the syringe, and injected directly into 
(he joint before it has an opportunity to 
settle out There need be little fear that the 
injection of this material will irreparably 
damage the joint structures, and in the case 
of streptococcus it is possible (hat it may 
sterilize the joint [See Chapter 22 for 
Chemotlierapy, including the use of peni 
cilhn —Ed ] 

On the other hand, with a staphylococcus 
we believe that the joint should be opened 
as soon as the patient is thought to be iti 
condition for the operation, that is, after 
the patient has been given an opportunity 
to rest if he enters the hospital in a state of 
exhaustion, and after his dehydration has 
been corrected, and usually after the chemo 
therapy has been given an opportunity to 
get into the system— that is, from six to 12 
hours after admission The joint is opened, 
washed out with warm salt solution, and 
drained About 4 Gm of sulfanilamide or 
sulfathiazole powder are placed in the knee 
joint at the end of the operation In dealing 
with smaller joints less of the chemical is 
used In early pyogenic arthritis we have 
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left the ]Qmt cavity open after a relatively 
large amount of sulfathiazole has been 
placed m the cavity, but we have sutured 
the skin and obtained primary healing and 
satisfactory restoration of function 
This method works well in the treatment 
of old chrome pyogenic infections of bones 
and joints where the infected tissues can 
be excised and the wound then closed with 
the sulfathiazole powder in the wound but 
its Uie in acute pyogenic arthritis is still in 
the experimental stage It is preceded and 
followed by full doses of the drug by mouth 
until the danger of the infection is past 
After the operation the joint may be 
immobilized in traction or in a plaster of 
pans encasement, or the method of active 
movement of Wilms may be used If it is 
chosen to immobilize the joint m plaster or 
by traction it is usually immobilized m a 
position which will not greatly impair its 
function Traction is usually applied with 
the extremity in slight dexion or full exteo 
sion, depending upon the joint If the 
Wilms’ method of active movement is to be 
used, the extrenuiy should he suspended m 
a sphnt in a position of full extension with 
moderate traction Every two hours, both 
day and night, once the patient has regained 
consaousness, the nurse should visit the pa 
tient and should lift up the traction weight 
and encourage the patient to flex the ex- 
tremity The movement is carried through 
as wide a range as the patient is able to 
manage without undue pain After about 
48 hours the patient is usually able lo flex 
the extremity through quite a wide range of 
movement The hmb is moved only a few 
times and the traction is then re appbed 
until the end of the next two-hour period 
It IS to be noted that if the hmb or jwnt 
is immobilized in plaster of pans, stifTemng 
of the joint in a position of deformity in 
which the limb will be handicapped should 
he avoided For this reason the shoulder is 
usually immobilized in a position of mod 
erate abduction (about 50°), the elbow to 
a position of moderate extension (about 


120"), the wrist in aposUion of slight dorsal 
flexion, the metacarpophalangeal and inter 
phalangeal joints m a position of shght 
flexion The hip is immobilized in a po'i 
tion of slight flexion and slight external 
rotation and it may be very slightly ab 
ducted or in the straight position The knee 
should be straight or very slightly flexed 
The ankle should be m a position of 90° 
dorsiflexion or m a position of slight plantar 
flexion (100 to 110°) 

Treatment of Subacute Pyogenic Ar- 
thritis Including Gonorrheal Arthritis 
In this type of arthritis operation with 
drainage is not so urgent as in the true 
acute pyogenic arthritis In some of these 
joints, apparently due to low grade strepto- 
cocci, the infection may clear up completely 
after immobilization and chemotherapy The 
same is true of gonorrheal arthritis Not only 
i» gonorrheal arlhntis affected by cbemo 
therapy with sulfanilamide, suHapyndine, or 
sulfatiuazole when these are given in full 
doses, but it may also be promptly cured m 
most instances by adequate fever therapy 
Consequently, during recent years surgery 
has had a rebtively small place m the treat- 
ment of either subacute pyogenic arthritis 
or gonorrheal arthritis, with the exception 
of immobilization of the joint m plaster of 
pans, or by traction, m a position in which 
deformity will be prevented, and for the 
comfort of the patient 
<Vny acutely painful joint is rendered 
more comfortable when it is immobilized 
and the patient is given an opportunity to 
rest The immobilization also has a definite 
value in combating the infection The joint 
may be immobilized in a plaster-of pans 
encasement, in a «plmt, or by traction, as 
staled above under the treatment of acute 
pyogenic arthritis MTiat was slated there 
concerning the prevention of defomuties is 
ah>o true of subacute arthntis 
In certain instances in which the disease 
in one of these joints has progressed to a 
considerable degree, or in certain instances 
where the infection has refused to yield to 
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chemotherapy or to fever therapy, the joint 
may be opened through a small incision, 
H vshe<I out thoroughly with hot normal salt 
solution (115®) and then closed without 
drainage Tins method has, m the past, 
saved gonorrheal knees and other large 
joints from permanent destruction We now 
make it more effective by placing a rela 
Uvely large amount of sulfanilamide or 
sulfathiazole powder in the joint before the 
wound is closed If the cartilage has been 
destrojed by the infection, the joint will 
probably become ankylosed by bone or by 
fibrous tissue and it is in these joints tliat 
arthroplasty has had its most u'^eful appli 
cation 

In other instances the joints affected by 
either acute or chronic pyogenic artliritis or 
by gonorrheal arthritis hive become anky 
loscd or stiffened m positions of deformity 
These deformities imy be corrected by va 
nous methods depending upon whether or 
not the ankylosis is formed of bone The 
ankylosis if bony, is best corrected by 
Qdtcotomj if an arthroplasty is not indi 
cated On the other hind, if there is a 
fibrous ankylosis the deformity frequently 
can be corrected by wedging plaster of pans 
encasements or by skeletal traction or by 
forcible manipulation under general anes 
tlicsia 

Treatment of Old Pyogenic and Sub 
acute Arthritis These are joints m which 
the active infection apparently has sub 
sided and which need treatment simply be 
cause of pain, or because of deformity, or 
because of stiffness If the joint needs treat 
menl because of pam, Ibis may frequently 
be relieved by strapping by elastic band 
ages, or by splints, and occasionally by a 
pi ister of pans encasement which is applied 
with the joint m sudi a position that the 
mavimum amount of function in the limb 
will be obtained if the joint should become 
ankjlosed by bone Ihe plaster eliminates 
movement, makes the patient comfortable, 
and prevents dtformiij If a deformity is 
present and is due to contracture of the 


soft tissues, it may be relieved by traction 
—with the patient in bed for lower 
extremity lesions, while for the upper 
extremity the patient is usually ambulant 
and fitted with some t>T3e of apparatus On 
the other hand, if the shoulder is glued to 
the side, the traction may be applied most 
conveniently with the patient in bed 
In order to save time not infrequently 
these joints are manipulated under general 
anesthesia, care being taken, however, not 
to produce fractures by the manipulation 
For this reason an x ray of the bones of the 
joint IS advisable before the manipulation 
is resorted to, and if marked atrophy of 
(he bones is present the surgeon should be 
especially careful not to apply too much 
force otherwise, fractures are apt to occur 
For the correction of deformities by trac 
(ion, skeletal traction is as a rule more 
effective than is skin traction Not only is 
It more effective, but it is more comforta 
ble to the patient [See Chapter 22 for tech 
me and details of skeletal traction —Ed ] 
Tor the correction of a flexion deformity 
of the knee, double skeletal traction should 
be used one wire with a bow being passed 
through the proximal portion of the tibia, 
just below Ihe insertion of the patellar 
tendon, and another through the distal por 
tion of the tibia about two inches above the 
ankle joint The traction on the proximal 
wire IS directed in line with the shaft of the 
femur while that on the distal wire is di 
rccted in line with the shaft of the tibia 
This permits the gradual correction of the 
ticxion deformity and tends to prevent pos 
lerior subluxation at Uic knee 

If the joints are ankylosed m a position 
of deformity by bone, these can be cor 
recteil by osteotomy The various opera 
tions arc described in Part 2 of this chapter 
Correction can be secured by arthroplasty 
where movement is more desirable than sla 
bilit} and strength It is to be noted, how 
ever that m the lower extremity a goou 
solid bony arthrodesis is as a rule more use 
ful than IS an arihroplasty The latter is apt 



420 


JOINT INFECTION AND ARTHRITIS 


to be ^eak, and may be painful and un 
stable 

In the upper extremity arthroplasties of 
the shoulders are rarely indicated because 
arthrodesis with the arm abducted to from 
50 to 70° giies a more useful and stable 
shoulder On the other hand, the elbow is 
the joint par excellence for arthroplasty and 
gives the most satisfactory result, although 
it, too js apt to be weak and may be mod 
eralely painful after an excellent operation 
With the wrist, an arthrodesis with the 
wrist slightly hyperextended gives a more 
useful wrist than does an arthroplasty, and 
it IS stronger Arthroplasties are occasionally 
mdicated for the fingers and for the meta- 
carpophalangeal joints as stiff fingers not 
only may not be useful but may be an 
actual handicap to the patient Occasionallj, 
with destruction of a portion or all of the 
epiphysis, osteotomies are indicated for cor 
rection of alignment Shortening of one 
bone or lengthening of the other estrenuty 
may be mdicated m an effort to obtain the 
mazimum function of both loner extremi- 
ties 

Treatment of Rheumatoid Arthritis, 
Including Rhizomelic Spondylosis and 
Intermittent Hydrops These are diseases 
for which as yet we have no •speafic cure, 
unless it IS eventually shown that gold salts 
may serve this purpose The disease begins 
insidiously and tends to progress by remis 
•uftas, and. ovec a petind at mnntha oc ^ears 
causes the development of deformities, the 
stifiening of joints and a variable degree of 
invalidism of the patient Because it affects 
not one or two joints, but a large number 
of joints, surgery is not often indicated, ex 
cept m the late stages after the disease has 
ceased to progress Then surgery attempts 
to rehabilitate the patient 

In the treatment of any chronic arthritis 
we endeavor to build up the general health 
of the patient and to establish a sense of 
well being by the judicious use of a low fat 
diet, hberal vitamins (e«pecially B and C) 
and thyroid and theelm where mdicated 


Dunng the active stage of the disease 
every effort should be made to prevent de 
formiiy This can be done b> the use of 
flints, by the use of plaster shells to pre 
vent contractures of the extremities, and 
by the use of traction However, it is to be 
noted that where the disease tends to 
progress over a period of months or years, 
the patient and physician are apt to cease 
their efforts and a large number of these 
patients tend to develop flemon deformities 
of the knees and hips, equinus deformities 
of the feet, flexion deformities of the el 
bows, ulnar deviation of the wrist, and the 
shoulders tend to become stiff at the side 

Theoretically, all of the above mentioned 
deformities are preventable Practically, it 
IS frequently not possible to continue the 
preventive treatment over a suffiaently long 
period Consequently the deformities are 
not uncommon During the active stage of 
the disease the patient should be encouraged 
(0 move all joints daily through their full 
range of movement and thus not only tend 
to prevent the muscle atrophy, but also to 
maintain movement through as great a 
range as is possible The patient should also 
be given ample periods of rest After de 
formities have developed they can be cor 
reeled by traction, by plaster of pans en 
casements, and by <:phnts, as was mentioned 
above 

In applymg wedging casts to these pa- 
tjutats., paxU/aflax eaxe should, bo taken that 
the extremities are thickly padded over the 
pressure points, because the skin is usually 
thin and atrophic and does not stand much 
pressure In wedging the knee, for instance, 
thick felt pads are placed over the patella, 
under the heel, and under the upper thigh 
In correcting a flexion contracture of the 
elbow by wedging, a pad is placed over the 
olecranon, another over the front of the 
upper arm, and another over the front of 
the wrist It is m this type of flexion de 
f nrmi ty that plasUc operations on the joint 
capsules, ligaments, and tendons are es 
peaally useful after the disease has ceased 
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l» progress These operations are described 
in Part 2 of this chapter for the various 
joints 

Likewise the operation of synovectomy 
IS almost limited to this type of arthritis 
Not only is this operation indicated in in 
stances where the disease has apparently 
ceased to progress and has left the joint 
with a thick synovia but it is also used in 
large boggy knees in the active stage of 
the disease In a patient in whom the arthri 
tis IS not active tlie object of the operation 
IS to improve the function of the joint In a 
patient in whom the arthritis is active the 
operation of synovectomy not only tends 
to result in improvement in the function 
of the joint, but by removing the large mass 
of diseased tissues it eliminates the most 
important focus of active disease and may 
result in improvement of the patients gen 
cral condition 

Arthrodesis :s rarely indicated in patients 
with rheumatoid arthritis because these 
joints tend to arthrodese by bone Arlhro 
plasty, on the other hand is indicated not 
infrequently This is especially true m pa 
licnts with rhizomelic spondylosis in whom 
bilateral joints especially the hips and 
knees have become ankylosed Osteotomies 
nre used for the correction of deformity 
Occasionally there is a large amount of 
thickening around the tendon sheaths this 
thickening may be removed by operation 
I believe that spinal fusion should be done 
in selected early cases of rhizomelic spon 
d>losis Tins operation lends to prevent dc 
formity and may aid in arresting the 
disease 

Treatment of Degenerative Arthritis, 
Including Malum Coxae Senilis This is 
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lure, they should lose excess weight, and 
the feet and ankles may be supported by 
shoes with Thomas heels For an adult male 
the heel is extended forward on the inner 
border about three fourths of an inch and 
IS elevated on the inner border tliree six 
teenllis of an inch at the front and one 
eighth of an inch at the rear of the heel 
Some of these patients ate given rubber or 
felt arch supports for the shoes Sometimes 
the joints are bandaged temporarily by elas 
tic bandages or the patients are given elastic 
supports such as anklets ankle braces or 
knee caps for the knees The back is sup 
ported by a suitable corset or brace where 
indicated 

These patients are also given exercises 
in order to slrengtJien their muscles and are 
pul oD a regime of relative rest m order to 
spare the weight bearing joints We also en 
deavor to build up their general health and 
to establish a sense of well being by the 
judicious use of a low fat diet, liberal vita 
mms (especially B and C) and thyroid 
and thcelm where indicated We assure 
them that they do not have the crippling 
type of arthritis unless the hip is involved, 
and that they are not headed for a wheel 
chair During recent years certain opera 
tions have been developed for the 
improvement of function in the joints of 
degenerative arthritis which are markedly 
crippled as a result of the disea&e One of 
the simplest of these is removal of loose 
bodies when they are present in the joint 
The loose body not only tends to interfere 
with function but it appears to cause pro 
gression of the degenerative arthritis 
Another operation which has been de 
veloped more recently is removal of the 


a progressive degenerative disease of the 
articular cartilage in which the joints ap 
pear to be worn out It aGects espeaally the 
weight bearing joints The patients are 
usually beyond middle age and arc usually 
ovenv eight They should be corrected as 
to Uieir boily mechanics They should be 
encouraged by exercise to develop good pos 


patella in patients in whom the patella is 
markedly enlarged and the cartilage has de 
generated A third is revision of the knee 
joint, which IS an extensive operation de 
scribed in Part 2 of this chapter 
lor the hip the Smith Petersen aceta 
buloplasty is useful in those joints where 
the cartilage is good and where the head 
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of the femur is unusually large, as m an 
old Legg Perthes’ disease It has given dis 
appointing results in joints where the car- 
tilage has degenerated so that the joint 
space has been lost For this tjpe of malum 
coxae senilis an arthrodesis offers the beH 
result. However, the latter cannot be used 
very often because the disease tends to be 
bilateral and because the operation and the 
prolonged convalescence are a formidable 
undertaking m an elderl> patient For this 
reason the oblique osteotomy of AIcMurray 
IS being used more frequently AliO, the 
cup arthroplasty of Smith Petersen is used 
It has been successfully u'cd in many cases 
The technic and after care must be carefully 
observed For the feet where large, painful 
■ipurs are present, they should be removed 
The Keller operation has seemed to us to 
be the most useful for hallux rigidus 

Occasionally, in the large boggy joints 
with degenerative changes m the cartilage 
and where the sjmovial membrane is thick 
ened— the so-called villous arthritis— a 
synovectomy is indicated For localized 
pain around the knee or elsewhere, injection 
of novocaine into the painful area may af 
ford permanent relief The painful wnst of 
stenosing tenosjiiovitis over the styloid 
process of the radiua may be considered 
in this section, as it is frequently associated 
with degenerative arthritis It can be re 
lieved by prolonged immobilization or 
merely bj rest m mild cases and in severe 
cases by opening the tendon «bea(h and 
leavnng it open when the wound is sutured 
See also Chapter 10 

Treatment of Traumatic Arthritis In 
an acute iraumalic arthritis— that is in a 
joint which has been acutely injured by 
trauma and in which there is apparently no 
injury to the bone— the early treatment 
consists of rest by immobilization, and this 
should be continued until the acute ^rop- 
tomi have subsided Excess blood or fluid 
should be aspirated IVhen the acute symp 
toms have sub ided and parual function is 
resumed, the joint should be protected from 


further injury by adhesive strapping or elas- 
tic bandages or b> a brace, or in some m 
stances bj a plaster-of pans encaseraeni 
until suftiaent time has elap'ed to permit 
the damaged tissues to heal 

If there is permanent damage to the jomt, 
It will lend not only to interfere with func 
lion but will also cause the arthntis to 
progress A to-n semilunar cartilage of the 
knee or a relaxed lateral or cruaal ligament 
of the knee should be taken care of b> an 
appropriate operation Where there is a de- 
formity due to a fracture, or a disturbance 
m epiphyseal growth which causes mal 
alignment of the extremity, forcing the joint 
to work at a mechanical disadvantage, this 
deformity should be corrected by an os- 
teotomy In ceitam instances the articular 
cartilage i» contused by the trauma and de 
generates and necroses This area of necrotic 
cartilage, if it can be identified, should be 
removed Mliere the joint is completely dis 
organized and where satisfactory function is 
no longer possible, a useful extremity may 
be obtained by an arthrodesis or by an ar 
throplasty If strength and stability are 
prime requisites, the arthrodesis is prefera 
ble If movement is desired at the sacniice 
of strength and stability, the arthroplasty 
IS indicated 

Treatment of Foreign body Arthritis 
The presence of a foreign body m or near 
a joint tencL to cau^e a progressive degen 
eralive arlhntia of this joint This is true 
whether or not the foreign body is infected 
For this reason it is of first importance 
that such foreign bodies be removed when 
they are discovered If they are removed 
early a normal joint may be expected. If 
they have been m or near the joint over a 
penod of months or years a degenerative 
arthntis may be present and this should be 
treated along the lines laid down in the 
section on degenerative arthntis 

Treatment of Hemophilic Arthritis. It 
is important that this disease be recognized 
before operation is undertaken, otherw]<ie 
the patient may be subjected to fatal hemor 
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rhage In the acute stage these joints may 
resemble a pyogenic arthritis and m the 
subacute or chronic stage they may resem 
ble an atrophic or tuberculous arthritis 
Where the joint is filled with blood under 
marked tension this may not only be ex 
ceedingly painful but tend to cause arthrt 
tis in the joint Tins blood may be aspirated 
through a fine bore needle and then a pres 
sure dressing applied around the joint As- 
piration should be followed by complete 
rest and support until the acute symptoms 
ha\e subsided Where marked contractural 
deformities are present they may be treated 
by a wedging plaster or by traction care 
being taken not to cause undue pressure 
at any given point 

(The prevention of deformities in these 
cases as in rheumatoid arthritis is impor 
tant The same measures are used in both 
~Ed) 

Treatment of Neurotrophic Arthritis 
These are the typical Charcot joints In the 
early stages (hey are best treated by rest 
and avoidance of the wear and tear of ordi 


nary use Operative intervention is rarely 
indicated I know of no instance where 
solid bony ankylosis of the hip has been 
obtained after an arthrodesmg operation on 
a Charcot hip I do know and have expen 
enced a number of instances where a Char 
cot knee has been successfully arthrodesed 
and a useful extremity has been obtained 
As a rule however it is more satisfactory 
to fit the limb with an adequate brace which 
not only protects the joint but prevents 
motion For the hip a Thomas ring walking 
•splint should be used I or the knee an or 
dinary upright brace with a hinge joint and 
With a stop at the straight position can be 
used Tor the ankle a double upright brace 
With a T strap or a well fitting leather or 
celluloid casement within the double up 
right brace may be indicated In instances 
where trophic ulcers with chronic infection 
are present m tiie balls of the feet the 
offending metatarsal beads and the diseased 
tissue should be excised and the wound 
closed after sprinkling sulfathiazole powder 
in the wound 


Part 2 Procedures 


\SITR;\TION or JOINTS 
Joints arc a<:pirated to remove fluid for 
diagnostic purposes to relieve tension in the 
joint, or to remove excess purulent material 
Tliey are also sometimes entered for the 
purpose of injecting material into the joint 
It IS to be noted that when a«piratton of a 
joint IS indicated that joint contains an ex 
cess amount of fluid Conccquently the 
synovial cavity of sucli a joint is more 
easilj entered with the aspirating needle 
than IS the normal joint Most of the joints 
of the extremities can be aspirated with 
relatively little difiicuUy provided the sur 
gcon can visualize the anatomy of the joint 
and the outline of the synovial cavity At 
the same time it must be remembered that 
the synovial membrane has a relatively rich 
nerve supply and it is advisable to infiUratt. 
the area with 1 per cent novocame prior 


to the introduction of the aspirating needle 

For joint aspiration the following are re 
quired 

fl) A 20-cr Luer or record syringe 
(2) a 20 gauge aspirating needle (3) a 
2 cc hypodermic springe (4) a hypodermic 
needle (5) a few cubic centimeters of 1 per 
cent solution of novocame (6) a bottle of 
tincture of iodine or other skin antiseptic 
(7) an applicator and (8) a pair of sterile 
forceps for handling the syringes and 
needier as it ts difucult to maintain stenl 
ity if the needles are picked up m the 
fingers and placed on the svnnge 

A site IS selected for the entrance of the 
needle and this area is painted witli «km 
antiseptic. Usually a round spot about one 
inch in diameter is pamtec] with iodine and 
the needle is inserted in the center of this 
spot (If very carefully and meticulously 
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done as described here, this technic is a 
perfectly safe one from the standpoint of 
asepsis HoTve\ er many men prefer to give 
the skin more careful preparation, to wear 
gloves, and to drape the part with sterile 
towels (See aspiration of the knee joint. 
Chapter 38, and aspiration of the elbow 
joint Chapter 3! 1 These latter precautions 
may seem to some to constitute unnecessary 
complication of a simple procedure, but the 
results of a joint infection can be so devas- 
tating that the extra precautions are held 
justified It is also felt that a small skin 
nick should be made after the initial skin 
wheal of novocaine, so that the needle which 
enters the joint does not pass through intact 
skin —Ed 1 Before inserting the aspirating 
needle the 2 cc hypodermic sjnnge is filled 
with novocame and the skin in the spot 
selected is infiltrated with a few drops of 
novocaine The hj’podercmc needle is di 
rected toward the joint cavity and pushed 
slowly inward as novocaine is forc^ into 
the tissues As a rule it is possible to reach 
the synovial surface without undue dtscom 
fort the entire layer through which the 
larger needle is passed being anesthetized 
The aspirating needle then plunged di 
rectly into the synovial cavity After the 
needle is in the cavity, the fluid should be 
withdrawn slowly as it sometimes contains 
ma'ses of coagulated fibrin and the needle 
may b'’come stopped up When this oesrurs 
a small amount of air or fluid may be forced 
back into the joint cavity Then, very 
slowly, the fluid may be withdrawn again It 
IS important that the needle should not 
penetrate the sjnovial membrane on the 
opposite side of the joint 

The site of election of aspirating vanous 
joints is as follows 

Shoulder The sliouldec can be aspirated 
from the front, from the side, or from the 
back As a rule, however, since there is 
usually an anterior swelling the needle is 
inserted at a point about one inch mesial 
to the Up of the acromion and about one 
half of an inch below its anterior margin. 


and IS directed backward and slightly 
downward 

Elbow This joint may be aspirated from 
the side or from behind As a rule, it is 
most convenient to enter the joint from 
behind and distal to the external condjle 
of the humerus The joint is flexed, causing 
this area to bulge, and the needle is di 
rected directly inward and slightly for- 
ward The needle may be inserted just 
lateral to the olecranon 

Wrist The wnst joint is best entered 
from the dorsal surface, the needle being 
inserted in the «pacD between the tendons 
of the extensor longus of the thumb and 
o! the first finger about one half of an inch 
proximal to the tip of the styloid process 
of the radius and is directed toward the 
volar surface It may al«o be aspirated on 
the ulnar side, just distal to the head of the 
ulna, when marked distension appears in 
this area 

Hip The hip joint may be aspirated from 
the front, from the side, or from behind As 
a rule it is mo«.t convenient to enter the 
joint from the front The head of the femur 
lies behind the center of Poupart’s ligament 
—that IS, halfway between the anterior su 
penor spine of the ihum and the symphysis 
pubis— and it is at this point that the 
femoral artery crosses Pouparts ligament 
Consequently the a'lpiralmg needle is in 
serted mlo the skin approximately one inch 
below the center of Pouparts ligament and 
one half of an inch lateral to the femoral 
artery Before inserUng the aspirating needle 
It 13 advisable to palpate the artery and to 
place the needle far enough lateral to it so 
that the femoral nerve, which lies directly 
lateral to the artery, will be missed by the 
needle The needle is then inserted directly 
backward— that is, directly downward with 
the patient lying on his back In the lateral 
approach the needle is inserted just below 
and anterior to the greater trochanter and 
IS directed inward and upward at an angle 
of about 30° with the thigh and roughly 
parallel to the axis of the nedw of the femur. 
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ind It should be kept close to the antenor permit extravasation of purulent material 


surface of the neck of tlie femur until the 
joint capsule has been penetrated 
Knee The needle may be inserleil on 
cither the outer or the inner side of the 
joint approximately one half of an inch 
above and one half of an inch lateral to the 
upper pole of the patella It is directed 
backward, imiard and downward so that 
the point of the needle tends to enter the 
space between the patella and the anterior 
surface of the femur If the joint does not 
contain considerable fluid, pressure made in 
the popliteal ^pace and also pressure made 
m front below the patella tend to force what 
fluid there is in the joint upward mto the 
quadriceps bursa and ihua float the patella 
and permit the needle to enter the space 
without difficulty 

Ankle The ankle is best aspirated from 
the anterolateral aspect that is, just be 
tween the external malleolus and the lower 
end of tlie tibia and the superior surface of 
tlie astragalus The needle is inserted one 
half of an inch above and one half of an 
inch mesial to the tip of the external mat 
Icolus and is directed backward and 
slightly inward 

INCISIONS or JOINTS FOR 
DR UNAGE 

In performing an arihrotomy for the pur 
pose of draining a septic joint it is im 
portant that the procedure consume a 
minimum of tune Tlie inusion should be 
no longer than necessary, it should avoid 
important structures and the distance from 
the surface of Uie skin to the joint cavity 
sliould be as short as possible The joint 
should be drained adequately and in such a 
manner that oraviiy will tend to direct the 
secretion from the joint outward In other 
wonb, the drainage should be posterior or 
downhill if practicable It is important m 
nuking such incisions that the cut made be 
vertical lo the skin and that the sub- 
cutaneous tissues not be lifted up or sep- 
arated from the unilerljing layers and thus 


around the margins of the incision Ac 
ceptable methods of draining various joint* 
follow 

Upper Lxteemitv (Figs 379 and 380) 
Shoulder The shoulder may be drained 
from either in front or behind The an 
tenor incision is somewhat simpler and i* 
usually adequate The posterior incision re 
quires a deeper dissection but has the ad 
vantage that if the patient is recumbent 
there is dependent drainage 
Antchior Incision A straight incision 
about two inches in length is made over 
the antenor aspect of the head of the 
humerus This incision begins opposite the 
anterior border of the clavicle near the 
acromioclavicular joint— that is about two 
inches mesial to the tip of the acromion— 
and extends directly downward for a dis 
tance of about two inches It is carried 
through the subcutaneous tissue and fasaa 
to the deltoid muscle The fibers of this 
muscle are separated by blunt dissection 
and the distended capsule will be found be 
neaih the muscle This is incised m line 
with the incision and the purulent material 
m the joint is evav,uated If desired the 
joint may be irrigated with normal salt 
solution or some antiseptic solution 
PosTciuoR Incision This incision begin# 
at the spine of the scapula about one and 
one half inches mesial to the tip of the 
acromion and extends directly downward 
for a distance of about two inches m line 
with the fibers of the deltoid muscle The 
incision IS earned through the deep fascia, 
and the fibers of the deltoid muscle are 
separated by blunt or sharp dissection to 
reveal the short external rotators of the 
shoulder joint These are defined by blunt 
dissection and the incision is deepened be 
tween the infraspinatus and teres minor 
muscles When these muscles are separated 
the capsule is exposed This is incised and 
the intents of (he joint arc evacuated 
Apier tre.\tment \fler drainage of the 
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(2) Posterior shoulder (A) Posterior deltoid margin, (B) infraspinatus, (C) internal 
between iniraspinatus and tenes minor, (D) supraspinatus, (£) deltoid and subdeltoid bursa 

(3) Lateral elbow (A) External epicond> le, (B) anconeus (C) extensor carpi radiahs, 
(D) line of separation between (B) and (C), (E) tnceps — arrow represents line of retraction 
of rejected triceps attachment from suprascapular ridge for extension 

(4) Internal elbow (A) Internal epicondyle, (B) ulnar nerve — arrow denotes line of 
retraction 

(5) Posterior elbow (B) Anconeus and tncq>s, (C) extensor carpi radialis, (D) radial 
nerve, (E) ulnar nerve — arrovy denotes lines of retraction 

Fig 3S0 {Right) Drainage incisions — (1) Dorsal wrist, radial and ulnar (A) Ex 
tensor longus pollicis, (B) extensor indicis propnus, (C) extensor carpi radiahs, (D) extensor 
carpi ulnaris, (E) extensor of little finger 

(2) Mesial wrist (A) Flexor carpi ulnans, (B) extensor carpi ulnans 

(3) Finger and palmar spaces 

(4) Metacarpophalangeal joints Note flexion of fingers They must be kept this way 
during dramage period 

(3) Interph^angeal dramage (A) Extensor profundis, (B) extensor subhmis, (C) 
digiti vessels and nerve, (D) and (E) extensor tendon attachments 
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shoulder it is advisable that the arm be 
supported in approximately 90® of abduc- 
tion until the acute symptoms ha\e sub 
sided It IS important to note that neither 
of the above incisions should be carried loo 
far downward, otherwise the circumflex 
nerve which supplies the motor fibers to 
the deltoid muscle may be injured 
Elbow The elbow is preferably drained 
from the lateral side However, it may also 
be adequately drained from the mesial side 
and occasionally Uuough and through drain 
age lb advisable The mesial incision has the 
advantage that, since the patient is usually 
recumbent, it supplies dependent drainage 
The lateral incision, however, offers a wider 
opening into the joint 
Lateral I^CISI 0 N The incision begins 
about one inch above, and extends down 
ward and backward to a point about one 
inch below, the external condyle It is car 
ned through the deep fascia and exposes 
the anconeus and the extensor carpi radiahs 
muscles The extensor carpi radialis is sep 
araled from die anconeus and the incision 
IS carried directly into the joint, opening 
into the space between the external condyle 
and tlie head of the radius If desirable, the 
incision may be extended upward along the 
ridge above the external condyle to dram 
the posterior compartment of the joint by 
elevating the attachments of the triceps 
from the lateral udge 

Incision This begins about 
one indi above the internal condyle and 
extends directly downward to i point about 
one inch below the condyle It is earned 
directly down onto the condylar ridge and 
extended just anterior to this ridge, the 
fibers of the hradiialib anlicus being lifted 
from the ndoC if necessary Thus the ulnar 
nerve which lies behind the condyle is not 
exposed in the inasion The joint capsule is 
opened between the internal condyle and 
the coronoid process of the olecranon 
Posterior IlRAisACt Somewhat simpler, 
but lc^s cfiicicnt, drainage may he pro 
vidcd by making a longitudinal inosion 


just lateral to the olecranon process This 
IS deepened into the joint, separating tlie 
fibers of the triceps from the olecranon 
The m«ial posterior incision is not advised 
because of danger of injury to the ulnar 
nerve 

After drainage tlve elbow should be mam 
tamed at approximately 90® flexion by a 
splint or by suspension or a circular plaster 
A heavy hot wet dressing may be used to 
immobilize the joint and also to reduce or 
prevent cellulitis 

Wrist Dorsal Incision The wrist is best 
drained by a dorsal incision This is placed 
between Ibe tendons of the extensor longus 
pollicis and the extensor indtas propnus 
muscles and begins about an inch above 
the wrist joint and extends directly down 
ward to about an inch below the wnst jomt, 
passing through the dorsal carpal ligament 
A similar dorsal incision may be made on 
Ibe ulnar side between the extensor carpi 
ulnans and the extensor tendon of the little 
finger 

AIesial Incision The mesial incision on 
the ulnar side lies between the flexor and 
extensor carpi ulnans muscles It begins 
about one inch above the head of the ulna 
and extends directly downward across the 
joint, cutting through the ulnar collateral 
boaments just distal to the styloid process 
In this incision it is important not to di& 
Jurb Ibe allacbmenls oi the tnanguhr in 
terarticular fibrocartilage 

Alter incision for drainage the wrist 
should be fixed in dorsiflexion by a splint 
or arcular plaster 

If the infection involves the metacarpal 
or carpometacarpal joints, either of the 
above mentioned dorsal incisions may be ex 
tended directly downward as far as neces 
sary onto the dorsum of the hand If tlie 
infection is quite far advanced and there is 
marked destruction of tlie bones and it is 
advisable to excise one or both rows of 
carpal bones, the incision between the ex 
tensors of the thumb and the index finger 
IS the only incision necessary, and this can 
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be enlarged toward the ulnar side sub 
periosteally and the diseased bones can be 
exposed and removed 

Carpometacarpal Joints These joints 
are best drained by dorsolateral inasions, 
one on either side of the involved joints 
The inasion is made between the metacar 
pal heads with the fingers flexed, and is 
earned down to the joint, the capsule being 
incised longitudinally on each side In the 
thumb, the second, and the fifth fingers, 
the incisions can be made os in draining 
the interphalangeal joints— that is, the dor 
solateral aspect on either side 

Interphalangeal Joints These joints are 
best drained through posterolateral ina 
sions, one on either side, about halfway 
between the middle of the lateral surface of 
the joint and the dorsum of the finger, thus 
atoiding the digital artery and nerve Some- 
times this damages the dorsal sensory 
nerves This however, is not serious The 
incisions are earned directly down to the 
joint, and the capsule is incised on both 
sides, so that neither tendon is exposed to 
the infection 

Lower Extbsxiity (Fics 381 and 382) 

Hip The hip may be drained from the 
front, the back, or from the lateral or mesial 
side As a rule, I prefer the anterior ina 
Sion because it is simpler, more quickly 
performed, and opens the joint more vvidelj 
vwusivjn, has, thAa/lKanta.^.'tttat 
It supplies dependent drainage However, it 
has the disadvantage that this drainage 
must pass between the small rotators of the 
hip which are taut and he quite close to the 
back of the neck of the femur and also that 
a relatively small portion of the joint cap 
sule is exposed from behmd, since the cap 
sule is attached quite close to the head on 
the posterior porbon of the neck This is 
espeaally true when the hip is externally 
rotated Then, the posterior nm of the 
greater trochanter almost reaches the run 
of the acetabulum and makes exposure and 
drainage difficult 


Anttrioh Incision This begins just 
below the anterior supenor -spine of the 
ilium and extends directly downward be 
tween the sartorius and the tensor fasaa 
femoris muscles for a distance of from two 
to four inches, depending upon the size of 
the patient It is carried through the deep 
fascia and the two muscles are separated 
by blunt dissecbon and the fatty tissue be 
neath them is incised or wiped out with a 
sponge down to the capsule of the joint 
This is incised, usually longitudinally along 
the anterior border of the neck, to evacuate 
the pus and then a cross mcisioa is made to 
assure adequate drainage If the incision is 
earned unusually far down on the thigh 
the anterior circumflex ves-^ls nuy be seen 
in the lower portion of the incision If these 
vessels are exposed they should be tied with 
chromic catgut, because if they ate left ex 
posed m the wound, which is apt to be 
filled with pus, their walls may be eroded 
and they may give rise to troublesome sec 
ondary hemorrhage 

Posterior Incision (Ober or Lancen 
beck) The patient lies on his sound side 
with the affected hip moderately flexed The 
incision lies parallel to and directly pos 
tenor to the neck of the femur and parallel 
(o the fibers of the gluteus maximus muscle 
It begins at a point about one third of the 
way from the poaterior supenor spine of the 
ibum to the base of the greater trochanter 
iffA VO. Ivcft U v^ e.'f.f.e.o/dad •dra.n.o. 
ward and outward over the base of the 
trochanter through the deep fascia The 
fibers of the gluteus maximus muscle are 
separated, disclosing a layer of fat This is 
inased, care being taken not to injure the 
saalic nerve which lies in the median angle 
of the incision It is advisable not to expost 
this nerve if the exposure can be avoided 
After the fat is incised and separated by 
blunt dissection the short rotators of the 
hip come into view and must be separated 
to expose the capsule of the femur These 
muscles are separated by blunt dissection 
or, if necessary, they may be divided from 




Fig 381 (1) Anterior mcision blocked line is that of skm incisjon, arrows indicate re 
Iracuon (a) Gluteus medms, (b) tensor, (c) sattonus, (d) rectus, (e) psoas ibacus, (f) iho 
tibial band, (g) exposed femoral neck 

(2) Posterior incision (a) gluteus medius, (b) obturator and gemelb (c) saaUcner\e 
(d) posterior superior spine, (e) ischial spine Blodvcd line is that of skin incision, arrons 
indicate retraction 

(3) Lateral incision Skin incision and retraction as above (a) Vastus lateralis, (b) 
rectus, (c) gluteus medius (d) tensor 

(4) Mesial incision of Ludloff blocked line indicates skin incision (a) Gracilis, (b) 
adductor brevis, (c) adductor tongus, (d) pcctincus, (e) psoas ihacus and iliopectmeal bursa, 

(f) rectus, (g) \astus lateralis, (b) gluteus medius (i) symphysis, (j) anterior superior 
■^pme Arrow indicates route between adductor longus and adductor brevis and beneath former 
and pectineus and psoas iliacus 

(5) Incision for iliopsoas abscess beneath Poupart s ligament or over iliac crest 
Anterior mcision parallels sartorius border Iliac crest incision detaches internal and external 
oblique (a) Rectus, (b) tensor, (c) gluteus medius, (d) sartorius, (e) psoas, (f) ibacus, 

(g) femoral \esscls 

Tic 3S2 Drainage incisions — (1) Incision forsacro iliac joint (a) Anterior superior 
iliac spine, (b) postenor inferior ihac spme (c) retraction of gluteus m bne of its fibers, (d) 
exposed portion of capsule of joint BlcKLed Ime mdicates skin incision 

(2) Internal and external lateral incisions for knee>joint drainage (a) Patella, 

(b) fat pad location, (c) anterior tnargm of femoral condyle Blocked bne shows skm mcision 

(3) Lateral and mesial posterior incisions of Henderson (a) Inner hamstrings, (b) 
biceps tendon, (c) Obular head, (d) iliotibial band Blocked lines indicate incisions 

(4) Anterolateral and anteromesial ankledrainage Blocked lines show incisions m skm 
(a) Ixiwcr border of tibia, (b) external malleolus, (c) extensor tendons, (d) tibialis anticus 

(5) Posterolateral ankle drainage (David) (a) External malleolus, (b) tendo aclulbs, 

(c) superior surface oa calcis (e) flexor longus hallucis (f) downward extension through fat 
pad If subastragalar joint drainage a desired, (g) fat pad Arrows indicate retraction 
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their insertion in the trochanter and per 
mitted to retract As a rule, the mu<^es are 
not separately identified, but it is probable 
that the separation is bet^veen the obturator 
mternus tendon and the gemellus above or 
below It The capsule is inased longitudi 
nally If this is not deemed suffiaent, the 
external rotator muscles may be divided 
and the capsule may also be inased traos 
versely 

Lateeai. and Mesiai. Incision In cer 
tain instances abscesses point ather later 
ally in front of the greater trochanter or 
mesially on the inner side of the thigh In 
such instances it is advisable to open these 
abscesses if the patient is quite sick. The 
lateral incision lies just m front of the 
trochanter and extends downward in line 
ivith the shaft of the femur It is deepened 
through the deep fasaa and carried m to 
ward the hip along the anterior border of 
the neck of the femur and the capsule of 
the joint IS inased In instances where the 
bone IS diseased it is advisable to make a 
lateral inasion downward from the tip of 
the trochanter and to open the cortex of 
the bone in the cancellous region opposite 
the base of the neck This incision may be 
extended inward along the anterior border 
of the neck and the joint may be drained 
through this masion 

The mesial masion of LudloS begins near 
the tuberosity of the ischium and extends 
downward for about three inches between 
the adductor longus and the adductor brevis 
muscles These muscles are separated by 
blunt dissection and the abscess cavity is 
opened and drained 

In children in whom the hip-joint mfec 
tion has been present for some days, and 
in which It IS found on opening the jomt 
cavity that the head of the femur is sep- 
arated the head should be removed This 
IS most easily removed through the antenor 
masion 

With extensive disease of the neck both 
anterior and posterior incisions are some- 
times advisable m order that through and 


through drainage may be established Hov 
ever, it is important that as little surgery 
as possible be done on a very ill patient, 
and in patients who are very toxic the 
anterior incision is to be preferred, as it 
affords wider drainage and can be done 
more quickly and with less disturbance to 
the patient 

After the drainage the hip should be im 
mobilized, either by skin or skeletal traction 
or m a plaster of pans spica, in a posi 
tioa of moderate abduction and very slight 
flexion and in the neutral position as regards 
rotation 

Pelvic Abscess Occasionally a pelvic 
abscess develops m patients with acute pyo- 
genic arthribs of the hip as a result of sup- 
purative lymphademtis in the glands along 
the course of the external ihac artery The 
abscess lies retroperitoneally and tends to 
gravitate along the course of the iliopsoas 
muscle and Pouparts ligament, pointing 
subcutaneously over the pectineus muscle, 
between (he adductor longus and the adduc 
tor brevis 

Freiberg advocates Ludloffs masion 
passing a blunt hemostat between the ad 
ductor longus and the adductor brevis mus 
cles where the abscess points on the inner 
side of the thigh iVhen jt points subcu 
taneously below Poupart s ligament it may 
be drained by a small vertical masion, 
care being taken to avoid large vessels and 
to keep the masion weff fateraf to the 
femoral artery and vein 
The Usual iliopsoas abscess is most easily 
and effectively drained by an anterolateral 
masion which lies just above the anterior 
portion of the crest of the ilium and the 
adjacent portion of Poupart s ligament This 
masion IS carried down to the crest of the 
lUum and the lateral abdominal muscles 
are cut from the bone for a short distance 
and the pelvic cavity is entered care being 
token to keep the dissection close to the 
inner surface of the ilium and not to open 
the peritoneal cavity As the peritoneum is 
pushed forward the abscess is usually en 
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countered and is opened by blunt disscc 
lion 

Sacro ihac Joint Occasionally tlie «^cro 
iliac joint IS the primary seat of a pyogenic 
irlhnUs Lsually, hoAvever, the disease be 
oins in the ilium and e'^tends to the joint 
^Vhere the joint is believed to be the pn 
mary site of the disease, or where the ab 
scess points posteriorly at tlie lower end 
of the joint it can be adequately drained 
by a straight incision which begins near the 
midlme and courses downward and out 
ward m line with the fibers of the gluteus 
maxinius muscle passing just below the pos 
tenor superior «pme of the ilium This is 
earned directly downward to tlie bone and 
the fibers of the gluteus maximus muscle 
below the posterior superior spine are sep 
araicd to expose the lower end of the joint 
Ihe capsule of the joint is exposed between 
the posterior superior and the posterior in 
fcrior spines of the ilium, and can be 
incised and drained here Usually it is ad 
visable to remove a variable amount of the 
adjacent bone whicli may be diseased m 
order that an adequate opening into the 
joint may be obtained 
Knee The 1 nee is most easily and effee 
lively drained by two parallel incisions one 
on either side of the patella placed about 
haJ/nay between the lateral border of the 
patella and the anterior border of the con 
d>lc of the femur It is important that these 
incisions be placed w ell out from the patella 
in order that in Uieir lower portion it will 
not be necessary that the dissection pass 
through the fat pad before the synovial 
cavity lb entered Also by phang them well 
out from the patella more adequate drain 
age IS obtained Depending upon the size 
of the patient tlie incisions vary from two 
to three or more inches m length The in 
ciMons arc carried directly through the apo 
neurosis and into Uie articular cavity Not 
infrequently, on one or both sides the mid 
die geniculait. artery will be cut this 
should be ligated as well as any other im 
portant vessels encountered 


As a rule, the two anterior incisions are 
adequate Occasionally infection persists m 
the posterior compartment of the ! nee 
AVhen this occurs the posterior compart 
ment should be drained by two short in 
cisions, the lateral and mesial inasions of 
Henderson The anterior incisions described 
above arc nude with the 1 nee joint ex 
tended The lateral or posterior incisions 
are made with the 1 nee joint flexed The 
one on the inner side passes anterior to 
the mternal hamstring muscle The section 
IS earned directly down to the bone and into 
the posterior compartment of the 1 nee The 
one on the outer side lies anterior to the 
biceps tendon and head of the fibula It is 
continued through the iliotibial band into 
the joint cavity 

After the hnee has been opened for dram 
age It should be immobilized in a position 
of full extension either by traction in a 
splint or else m a plaster of pans encase 
ment 

Ankle The ankle may be drained an 
tenorly tlirougb a lateral or mesial incision 
or posteriorly through a lateral incision 
The simplest incision is the anterolateral 
incision which begins about an inch above 
the lower border of the tibia and about 
one half of an inch mesial to the external 
malleolus It is carried directly downward 
and the dissection is continued through the 
fascia and fat tissue lateral to the extensor 
tendons and into the synovial cavity of the 
joint The anteromesial incision begins 
about an inch above the ankle joint and is 
extended downward along the mesial bor 
der of the anterior tibial tendon and into 
the ankle joint care being taken not to 
open the sheath of the tendon of tibnlis 
anticus 

The posterolateral incision of David is 
said to be more eflective than either of the 
above WiUi the foot m a position of dorsi 
flexion the incision begins about two inches 
above the tip of the external malleolus and 
just lateral to the tendo achilhs, and is car 
ned downward to a point opposite to the 
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superior surface of the os calcis at \ibich 
point It IS curved forward parallel with the 
superior surface of the os calas If the ex 
ternal saphenous vein is exposed in this 
incision it IS ligated and the exposed por 
tion IS exased The flexor longus hallucis 
tendon is retracted mesially and the fat 
above the subastragaloid joint is pressed 
downward and the anUe joint capsule is 
incised under direct vision If desired, this 
inasion may also be used for drainage of 
the subastragaloid joint by extending the 
inasion downward through the fat pad and 
opening this joint 

Subastragaloid Joint Occasionally 
severe infection in the os calas or in the 
astragalus involves the subastragaloid joint 
This joint IS most adequately drained by 
the heel splitting operation of Gaenslen 
(P 478) 

In other infections of the tarsal bones 
the incision should he above the most promt 
nent point of the abscess and the involved 
joint Usually, however, unless these tarsal 
infections are opened very early, the ir 
fection tends to spread widely and involve 
all of the tarsal joints After the operation 
and draituge the foot «houId be immobilized 
m a position of slight equinus in a plaster 
of pans encasement which extends above 
the knee 

Postoperative Treatment of Septic 
Arthritis After the joint has been opened, 
the edges of the operative wound should be 
covered with vasehne gauze in order to pro- 
tect them and to prevent the dressing from 
sticking to them In addition to this, a dram, 
either of vaseline gauze or of soft rubber 
tissue, is inserted down to the synovial 
membrane Its position <^houId be mam 
tamed As a rule, it is advisable to fasten 
this dram I prefer vaseline gauze which 
is well impregnated with vaseline and has 
no free threads which may come off, and 
I fasten it to the sjnovial membrane by a 
single suture of plain catgut This mam 
tarns the dram m place over a period of 


several days At the end of this lime the 
catgut will have dissolved and the dram 
can be removed without difficulty 

As was stated above, it is important, 
especially in ill patients, to conserve th<* 
patient s blood and to ligate ves&els as soon 
as, or before, they are cut Also, vessels 
which are exposed m the wall of the ina 
Sion should be ligated and excised between 
ligatures rather than permitted to remain, 
because there is alwaj-s the danger that the 
walls may be eroded and cause secondary 
hemorrhage 

After the operation is completed and the 
drams are inserted, the edges of the wounds 
are lined with vaseline gauze which over 
laps the skin A wet or dry dressing is then 
apphed, depending upon whether or not the 
limb is to be immobilized m a splint or in 
plaster of pans As a rule, I prefer plaster 
of pans because it provides more complete 
immobilization, the plaster being applied as 
a spica for the hip or shoulder, and a cylin 
der encasement for the knee or ankle or 
foot It IS applied over adequate padding 
It IS not a skm tight plaster The joint is 
irrigated with hot normal salt solution be 
fore the drams are inserted and the dress- 
ings are applied If a wet dre'^sing is used, 
this should be a massive wet dressing and 
should be kept warm If plaster is Used the 
dressing need not be e'^pecially large and 
should be dry 

The shoulder is immobilized m moderate 
abduction (about 135°), the elbow m slight 
flexion (about 130°), and the wrist m dorsi 
flexion (about 30°) In immobilizing the 
wrist, the immobilization should include the 
fingers and thumb , the entire hand should 
be immobilized, and the elbow as well The 
hip should be immobilized in moderate ab 
duction and extension, the knee m full ex 
tension, and the foot m 90° dorsiflexion or 
slight plantar flexion After extensive opera 
tions on the foot, the knee should al«o be 
immobilized The plaster is left on until it 
should be changed because of excessive 
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drainage, which may cause a softening of 
the cast and a foul odor, or because it is no 
longer necessary since the disease has sub 
sided sufficiently to warrant removal of the 
dram After the wound is dressed the edges 
of the wound may be kept separated with 
\aseline gauze which extends down to or 
nearly to the synovial membrane This is 
continued until the infection in the joint has 
been eliminated and tlie opening in the 
synovial membrane has healed Then the 
wound IS allowed to heal by granulation 
keeping it covered by vaseline gauze 
As a rule I sprinkle a considerable 
amount of sulfimlamide crystals in the 
joint cavity and in the wound before in 
serting tlic vaseline gauze drain This does 
not eliminate the infection but it lends to 
decrease the seventy of infection and I be 
licvc that It IS beneficial in the healing of 
the wound It may mal e the difference be 
tween a useful joint and an ankylosed joint 
Other things being equal the sooner the 
joint is opened and drained after the in 
fcclion begins the less is the danger of an 
k>Iosi 8 \nkylosis is less apt to occur if 
the bone is not involved 
Pyogenic Arthritis of Hip In pyogenic 
arthritis of the hip m children it is tmpor 
tant that abduction be maintained Other 
wise, dislocation of the femur or of the 
neck of the femur with separation of the 
head may occur If the former has oc 
curred before intervention then— if the dis 
location IS not reduced at the time of the 
drainage and if the limb is immobilized in 
plaster of pans— as soon as the general 
condition of the patient permits the limb 
should be put up m traction and an effort 
made to pull the head down into its normal 
position If the head has been separated 
from the neck removal of the head must 
be considered at this lime 

Treatment bv Mov'ement TreTlraenl of 
pjogcnic arthritis by active everciscs was 
begun or at least popularized dunng the 
Iirst World War b> Wilms According to 
Wilms technic the joint is opened widely 


and the wounds are left open just as dc 
scribed above, the difference being that 
instead of immobiUzing the limb m plaster 
of jKiris, the joint is placed in a splint 
using a Thomas splint for the leg and 
usually balanced traction for the elbow and 
shoulder A dry dressing only is placed on 
the wound The limb is suspended in a 
position opposite to that of the deformity 
which the joint tends to assume if ankylosis 
should occur— that is the shoulder is sus 
pended in moderate abduction and exten 
Sion the elbow is suspended m almost 
complete extension the hip is suspended in 
extension and abduction the knee is sus 
pended in complete extension and the 
ankle is suspended in dorsiflexion Then 
every two hours day and night the patient 
IS visited by a nurse who insists that the 
patient move the joint voluntarily This 
active movement is begun as soon as the 
patient is sufficiently awakened from the 
anesthetic to cooperate and is continued 
until drainage of the joint has nearly ceased 
and the active inflammation has quieted 
down 

The theory behind the Whims trealmerl 
1$ that active movement forces the purulent 
material out of the joint cavity Undoubt 
edly if properly earned out it will result 
in a movable joint in certain patients with 
pyogenic arthritis in whom fibrous or bony 
ankylosis would have occurred had the joint 
been immobilized On the other hand, it re 
quires that the patient be in a hospital 
where he can be closely supervised by 
trained assistants In the beginning the 
movement is accompanied by considerable 
pain but after two or three days the pa 
dent IS able to move the joint through a 
considerable range without sufficient pain 
to interfere with the treatment However, 
if the patient slops moving Uie joint over 
a period of 12 hours or more, it will be 
found that on resumption of movement 
more severe pam is encountered Afovement 
IS progressively more diflicult as tin 
passes without active exercise 



434 JOI\T INFECTION 

ARTHROTOMY FOR REMOVAL 
OF LOOSE BODIES IN JOINTS 
The joints most subject to the detelop- 
ment of loose bodies are in the order men 
tioned— the Lnee elbow shoulder, hip, and 



der joint Dotted b oken Ime is line of 
°k.in incision Dashed brohen line l> 
’reparation of deltoid from claNicular 
attachment Arrows indicate retraction 
of deltoid leaving median cephalic \em 
to inner side free from retraction 
Fig 384 {Bottom) Bruce Gill «faou] 
der artluode::!^ Humeral head and gle- 
noid ha%e been denuded of cartilage 
Outer and anterior surface of humerus 
has been elevated a^ a thin «bell with 
attached cap ule (b) Head has b“en 
^plit and denuded acromion placed in 
plit Periosteal and fascial flap ’rtripped 
from supenor surface of luroniion (a) 
Is read} for suture to (b) (See p 437 ) 
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occasionally the ankle The loose bodies 
may be due to osteochondritis dis'«:ans to 
fracture:, of the articular surface, or to chon 
dromatosis of the sjtjoi lal membrane 

Sholloeb Arthrotomy of the shoulder is 
best performed through the anterior ma 
Sion as de’icnbed above (p 423) In a case 
with very numerous loo'e bodies where 
wide exposure of the joint is desired, it n. 
advisable to place the incision mesial to the 
one described above beginning at approx 
imately the middle of the clavicle and ex 
lending downward and outward along the 
aatencc harder al the deUatd mctsde His 
incision expo es the cephalic vein, which is 
left to the inner side, the deltoid being re 
tracted outward In order to obtain good 
expo«ure of the shoulder U is advisable to 
cut the anterior fibers of the deltoid from 
the clavicle for a distance of about one inch 
(Fig 383) This wiU permit of wide ex 
posure of the ^boulder joint and also of the 
sheath of the bicep» tendon ^^'hen large 
numbers of loose bodies are present in the 
shoulder, «ome of them ore apt to be m the 
<ifaeath of the biceps tendon while others 
collect in a pouch m the axilla below the 
margin of the glenoid 

Hip In the hip the antenor mcision is 
usually adequate unless there are large 
numbers of loose bodies In that case the in 
a«ion may be enlarged by continuing it 
outward and backward along the crest of 
the lUura m the manner of the anterolateral 
approach to the hip of Smith Petersen 
stripping the gluteus medius and the ten>or 
fasaa femons from their origins to mahe 
the eiqiosure as wide as necessary [See Fig 
393, p 439 ] 

Elbow In the elbow, the inasion de 
scribed above for drainage along the lateral 
border of the humerus and the external con 
djle and downward and backward alone 
the anterior border of the anconeu® i> 
usually adequate By stripping the fibers of 
both the triceps and the brachiahs anticto 
from the humerus the posterior and anterior 
portions of the joint can be expo-ed and 
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ill loose bodies usually can be removed It 
13 lo be noted that this incision, used m this 
manner, removes the external lateral liga 
ment of the elbow from its attachments and 
this should be re applied carefully to the 
bone as the incision is closed, and the arm 
should be immobilized m plaster of pans 
until sufficient time has elapsed to permit 
healing of the ligament This is usually 
about tliree weeks 

Knee In the knee the mesial parapatellar 
inasion is found most convenient if several 
loose bodies are present or if they he be 
tween the condyles of the femur [See Fig 
382 p 429 ] Occasionally where one large 
loose body is palpable m the quadriceps 
bursa, this can be removed through a small 
incision about an inch and a half long if it 
can be located at the time of the operation 
and if the incision is made directly over it 
The loose body may slip away before it is 
exposed However since it is large it is 
usually possible without a great deal of 
difnculty to manipulate it back into the 
quadriceps pouch near the incision and lo 
grasp It with forceps and extract it The 
joint IS then closed m layers without drain 
age, as mentioned above 

The mesial parapatellar incision of the 
knee begins slightly to the mesial side of the 
midline about two or three inches above 
the patella extends downward and inward 
along the mesial border of the patella about 
half an inch mesial lo this bone and ex 
tends on downward along the mesial side 
of the patellar ligament to the tubercle of 
the tibia This incision is carried down 
through the aponeurosis and Into the joint 
passing throUoh the fat pad in its lower 
portion Then by reilccting the patella out 
ward to the lateral side of the femur, the 
entire anterior portion of the joint can be 
inipcclcd Not only can loose bodies be re 
moved, but, if necci-sary both semiluna” 
carlihges may be removed through this m 
cision, although removal of the external 
semilunar cartilage may present considera 
ble difiicuUy and a short lateral incision 


may be necessary for its complete removal 

Ankle Loose bodies in the ankle joint 
usually anse from the superior surface of 
the astragalus I have recently removed 
one from the posterior lateral portion of 
this bone This was reached through an in 
cision parallel with the tendo achillis which 
was earned down to the space between the 
posterior border of the tibia and the fibula 
Then when the foot was dorsiflexed, it was 
possible to identify the loose body and ex 
cise It from its bed although the cartilage 
was intact over it If the loose body is in 
the anterior portion of the joint, it can be 
removed by an appropriate anterior inci 
Sion as described above for drainage of the 
ankle 

In all of the above incisions the joints are 
closed in layers preferably with silk with 
fine interrupted silk sutures for the synovial 
membrane medium interrupted silk sutures 
for the joint capsule, fine silk sutures for 
the subcutaneous tissues and medium silk 
sutures for the skin Routinely, I sprinkle 
sulfanilamide crystals m the wound before 
the joint IS closed 

OPERATIONS ON SHOULDER 

Injection of Novocaine Into Subdel 
told Bursa The point of maximum ten 
derness on the front of the shoulder over the 
tuberosity of the humerus is selected This 
IS painted with tincture of iodine or some 
other skin antiseptic With a hypodermic 
syringe and needle 1 per cent novocaine is 
injected into the skin to make a small 
wheal Then the hypodermic needle is di 
reeled directly backward and the subcu 
taneous tissues and muscles overlying the 
bursa are infiltrated with noxocame A 5 cc 
syringe is then filled with 1 per cent novo 
came and a Wassermann needle is inserted 
into the wheal and directed directly back 
ward toward the bursa As the bursa is 
punctured the bone is reached About 2 cc 
of novocaine are injected at this point Then 
the needle is partly withdrawn and directed 
laterally and 2 cc more of novocaine are 
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injected The same procedure is earned out 
by pointing the needle m various directions 
forming a circle of approximately one inch 
around the point of maximum tendeniess 
If the X ray has shown the pre'^nce of 
calcified material in the bursa an attempt 
should be made to direct the needle at this 
matenal, and usually the material can be 
withdrawn in the syringe as a powder like 
white substance which quickly settles at the 
bottom of the springe when mixed with the 
novocaine solution By this means the wall 
and floor of the bursa are punctured in 
several places As a rule, not over 10 cc of 
1 per cent novocaine is used In an acute 
bursitis this procedure frequently gives re 
hef In a chronic bursitis it is very apt to 
be of little avail, hut may be tried before 
resorting to irrigation or to operative proce 
dures Rather frequently, in my experience, 
It IS apt to be followed by a period of from 
two to three da>s during which the injected 
area is exceedingly painful and tender and 
the patients symptoms are markedly ag* 
gravated [See also Chapter 11 ] 

Irrigation of Subdeltoid Bursa [See 
Chapter 11 for technic ] 

Not infrequently m chronic bursitis it 
may not be possible to obtain a flow of 
fluid through the bursa Apparently, in such 
cases, the bursal cavity is obliterated or the 
walls are so close together that it is not 
possible to balloon the bursa so as to get 
w vfiVa Vfc liwrn \vdaTii kw 

instances I have injected a considerable 
amount of salt solution or of Ja per cent 
novocaine, usually from 40 to 60 cu cm , 
mto the tissues, endeavoring to balloon out 
the bursa, and have left this fluid m the 
tissues In such instances after the novo 
came wears off the patient is apt to have 
a painful shoulder for at least 48 hours 
This requires codeine and sometimes mor 
phme to obtain relief 

Operation for Excision of Wall of 
Bursa The incision begins at the anterior 
border of the acromion about one inch 
mesial to its tip and extends directly down- 


ward parallel with the fibers of the deltoid 
muscle for a distance of about two inches 
The inasioQ is carried down through the 
fascia, and the fibers of the deltoid are «pbt 
to expose the wall of the bursa Before 
opening the bursa the muscle fibers are 
pushed back on either side to expose a good 
part of the anterior wall The amount of 
exposure can be increased by rotating the 
humerus from side to side, that is> rotating 
it inward and outward Then, a wide door 
or opening is made in the bursa by excising 
most of the anterior wall of the bursa 
Having opened the bursa, calcified ma 
lenal is evacuated, if present Roughenings 
on the floor of the bursa are excised Anj 
adhesions which cross the wall of the bursa 
or interfere with joint motion are removed 
At the end of the operation the humerus is 
adducted and rotated The mterior of the 
bursa is then sprinkled with sulfanilamide 
and the wound is clo^^ed in lasers, using 
two or three sutures of fine silk to coapt 
the fibers of the subdeltoid muscles, fine 
silk for the subcutaneous tissues, and 
medium silk for the sk n The patient is 
dressed with the arm at the side, or placed 
m bed with the arm abducted and externally 
rotated and the wrist fastened b> a shng to 
the head of the bed The latter is prefera 
ble in chronic cases in which there has been 
a considerable amount of adhesion and lim 
itaUon of motion over a long period of time 
\See •aisiw \ 

This operation may be carried out under 
local anesthesia IVhen local anesthesia is 
used, it is preferable to operate with the 
patient sitting up in a dental chair accord 
ing to the technic of L C Abbott This 
permits the head of the humerus to drop 
away from the acromion, and also permits 
free internal rotation, abduction, adduc 
tion, and external rotation of the humerus 
The objection to operating upon these casea 
under local anesthesia is that even when 
wide infiltration around the bursa is earned 
out considerable difficulty is encountered in 
manipulating the shoulder and increasing 
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Ihc range of molion because apparently the 
adliesions posterior to the upper end of the 
humerus interfere with this motion and 
cause pain when it is attempted 
In mslanccs in which a tear of the supra- 
spinatus tendons is found at the time of 
the operation, it may be advisable to at- 
tempt to repair this If such an attempt is 
made, the incision is extended upward and 
backward around the acromion, and the 
deltoid muscle fibers are detached from their 
origin, thus afiording free access to the tom 
aponeurosis In suturing the aponeurosis I 
have removed a part of the tuberosity of 
the humerus, thus making it smaller than 
normal, and have then bored holes in the 
cancellous bone and drawn the aponeurosis 
fonvard with silk sutures passed through 
the hole m the humerus If this tendon is 
/rayed and retracted it is probably wiser 
to exa«c the anterior portion and smooth 
off the floor of the bursa ratlicr than at 
tempt Us repair by means of a fascial trans 
plant which will create an irritating mass 
in the floor of the bursa This extensive 
repair of the frayed tendon with fascia is 
an interesting surgical procedure, but I be 
Iievc that it will usually result m pain and 
stiffness of the shoulder [A new conception 
of the pathology and repair of these tears 
of the musculotendinous cuff of the shoulder 
has been put forward by Dr Harrison L 
^fcLaughlm See Chapter 29 for further dis- 
cussion of this lesion, with illustrations — 
Ld] 

Axillary Incision for Removal of 
Loose Bodies in Shoulder In one instance 
m a joung woman where a visible scar was 
not desirable, I opened the shoulder joint 
through an axillary incision With the pa- 
tient on the back and the arm fully ab- 
ducted the incision is made m the postenor 
axillary line anterior to the latissimus dorsi 
muscle This is carried down to the shoulder 
joint and the capsule is incised A fairly 
complete exploration of the shoulder is 
possible 

Arthroplasty of Shoulder I have never 


performed an arthroplasty of the shoulder 
and do not think that I ever shall perform 
one Consequently, I do not think it in 
order to describe the operation here, as an 
arthrodesis gives a much more satisfactory 
result 

Arthrodesis of Shoulder The relatively 
small size of the glenoid tends to make an 
arthrodesis of the shoulder a difficult proce 
dure. I prefer an operation somewhat simi- 
lar to that described by Bruce Gill (Fig 
384, p 434) 

Technic With the patient lying on the 
side, a sandbag under the shoulder, and 
the atm so draped that it can be moved 
freely, a vertical incision is made on the 
lateral aspect of the shoulder This incision 
begins over the top of the acromion and 
extends outward over its Up, and then 
downward over the outer surface of the 
upper end of the humerus It is carried 
down to the bone over acromion and 
through the proximal two inches of the 
deltoid muscle The skm is retracted an 
terioriy and posteriorly to expose the at 
tachments of the deltoid to the acromion 
The muscle is divided a short distance from 
the bone entirely around the acromion proc- 
ess to give free access to the head of the 
humerus It is then retracted backward and 
forward to expose the upper end of the 
humerus The tissue between the top of the 
humerus and the acromion is excised by 
sharp dissection Likewise, the capsule ot 
ihe shoulder joint m this region is excised 
Then with a large curved gouge the cartilage 
IS removed from the glenoid fossa and from 
the head of the humerus By rotating the 
head of the humerus outward and adducting 
the arm, its cartilage can be removed with- 
out difficulty The periosteum is removed 
from the deep surface of the acromion and 
from the base of the spine of the scapula, 
and thm slivers of bone are cut and lifted 
up from this region Thus, the entire in- 
ferior surface of the acromion, the glenoid, 
and the upper end of the humerus are de- 
nuded of soft tissue and the cortical bone 
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IS roughened Likewise, the soft* tissue is 
detached from the tuberosity of the hu 
merus This includes the supraspinatus and 
possibly the iQfraspmatu:^ and teres minor 
muscle insertions Then a wide dap of bone 
IS raised from the tuberosity of the humerus 
and left attached at its lower end The 
acronuoD process is split horizontally with 
a broad, thin chisel The lower flap of the 
latter is forced down toward the head of 
the humerus The arm is abducted and 
brought forward and the flap of bone from 
the acromion is fitted into the cut m the 
tubero&ity of the humerus, and the flap of 
tuberosity is forced between the two flaps 
of acromion If desired, a loop of stainless- 
steel wire is passed through the ba«e of the 
acromion and the proximal end of the hu 
merus to stabilize the shoulder until the 
arthrodesis is firm 

With the arm maintained m abduction of 
about 80*^ and anterior flexion ol about 30^ 
the wound is closed A considerable number 
of %essels may base to be clamped during 
this procedure The larger ones are tied with 
fine silk 

The wound is then dosed m layers, 
the deltoid musde being sutured badw to 
Its origin from the acromion and the sub- 
cutaneous tissues closed with fine silk Care 
should be taken during the dosure of the 
wound that the arm be maintained in ab- 
duction and slight forward flexion 

After the wound is dosed a plaster of 
pans -ipica is applied This gets a firm gnp 
on the pelvis below, and extends down the 
upper extremity to the vmst, maintammg 
the arm m a position of abduction and for 
ward flexion with the elbow moderately 
flexed 

In children the shoulder should be placed 
at approximately 90^* and m adults at a 
httle less than 90® (about SO®) abduction 
It should be flexed forward and internally 
rotated so that when the elbow is flexed the 
tips of the fingers will approach the mouth 
The plaster must be worn until union is 
firm If it should become loose, it is changed 


a few weeks after the operation and a more 
snugly fitting plaster of pans applied If 
difliculty IS encountered in nnking the cast 
fit snugly and in maintaining the >houlder 
m the correct position, the elbow may be 
supported by a wooden strut which passes 
upward from the region of the crest of the 
ilium, incorporated in the plaster It is 
advisable, before applying the plaster, to 
bind the shoulder snugly with a spica band 
age, preferably of elastic material or flannel 
As a rule, union should be quite firm within 
three months after the operation During 
this period the plaster may be removed and 
the shoulder x rayed and tested for stabiUtj 
It IS expected that some abduction mil be 
lost, the final position being from SO to 60® 
of abduction and a position of forward 
flexion and internal rotation If consohda 
Uou IS obtained m this position a very useful 
upper extremity may be assured [See also 
Chapter 14 ) 

Osteotomy at Upper End of Humerus 
This operation is occasionally indicated 
where there is ankylosis of the shoulder in 
a poor functional position— that is, either 
with the arm at the side or with the arm in 
marked internal rotation The operation can 
be done through the shoulder joint How 
ever, if it is undesirable to break up the 
ankylosis, the operation can be done m 
the proximal portion of the shaft, ju:>t below 
the groove of the biceps tendon 

Tecumc The incision starts just lateral 
to the middle third of the clavicle and u 
earned downward and outward along the 
mesial border of the deltoid musde to a 
point close to the insertion of the deltoid 
It IS carried through the deep fascia leaving 
the cephalic vein to the merfal side, care 
being taken not to injure the walls of this 
vein The deltoid and pecloralis muscles are 
separated, saenfiang a few of the anterior 
fibers of the deltoid if necessary In the 
upper pact of the inasion the kin and 
fasaa are retracted outward and about an 
uidi of the ongin of the deltoid is cut from 
the clavide, permitting this musde to be 
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retracted outward to expose the region of 
the shoulder 

If It IS desired to perform the osteotomy 
through the site of the ankylosis of the 
shoulder joint, the capsule is split \ erUcally 
and a large, curved osteotome is driven into 
the space between the head of the humerus 
and tlie glenoid As this groove in the bone 
IS deepened the arm is externally rotated or 
adducted until the union is broken up Then 
It IS abducted or rotated into the desired 
position If it IS desired that the osteotomy 
be perfermed in the shaft of the humerus 
and this is usually m instances where one 
IS afraid of lighting up old disease or where 
a rotation osteotomy is desirable, the ina 
<ion IS carried down to the bone below the 
joint, exposing the insertion of the sub 
scaputaris muscle in the inner edge of the 
bicipital groove This insertion is divided, 
the periosteum la stripped, and the bone 
cut transversely with a curved osteotome 
llTien the bone has been severed, the lower 
fragment can be rotated outward on the 
upper fragment and then held in this posi- 
tion while the wound is closed with inter 
riiptcd sutures 

After the operation, whether the osteot- 
omy has been done through the shoulder 


extensive dc'truction of the joint, and exci- 
sion IS usually preferable to arthrodesis 
There is no saUsfactory operation for ar- 
throdesis of the elbow In the cases in 
which I have performed this operation it 
has been done as follows 
Techmc Through a lateral incision 
which begins about two inches above the 
joint and is carried down to the ridge on 
the humerus between the triceps and the 
supinator longiis and the supinator brevis 
muscles and extended down across the jomt 
and backward along the anterior border of 
the anconeus, tlie lower end of the humerus 
is exposed subpenosteally The lateral liga 
ment and some periosteum is raised from 
ihe bone The head of the radius is excised, 
and soft tissue is sutured over the stump of 
the neck of the radius By adduction of the 
forearm the elbow joint is exposed Then 
the cartilage is removed from all of the 
jomt surfaces 

A number of osteoperiosteal grafts are 
obtained from the tibia These ate inserted 
aaoss the joint wherever possible, more of 
the grafts being placed anteriorly than pos 
lenorly, some being placed on the inner side 
of the olecranon, between it and the inner 
condyle of the humerus Care is taken not 


joint or through the proximal portion of the 
shaft of the humerus, the arm should be 
immobilized m a plaster of pans spica in 
the desired position The plaster should get 
a firm grip on the pelvis, should cover both 
shoulders, and should extend down the oper 
altd arm to the knuckles Tor arthrodesis 
the desired position is abduction of about 
SO® at the shoulder, forward flexion of 30®, 
and Might eucrnal rotation Trom such a 
position the hand may be brought to the 
face when the elbow is flexed 

OBEU.VTIONS ON ELBOW 
Arthrodesis Arthrodesis of the elbow is 
seldom advisable, except in Uie case of pa- 
ticnu who, as a result of chronic osteo- 
nijclius or of severe fractures followed by 
infection or of tuberculosis, have suffered 


to injure the ulnar nerve Just before the 
incision IS closed, other osteoperiosteal 
grafts are placed acrois the outer side of 
the joint, bridging the space between the 
lateral border of the olecranon and the 
humerus and around the coronoid of the 
ulna Likewise, the space between the stump 
of the neck of the radius and the external 
condyle of the humerus is filled with bone 
chips 

Postoperatively, the extremity is immo- 
bilized at an angle of approximately 135° at 
the elbow, with the forearm moderately 
pronated In instances m which there has 
been marked loss of bone, and in which 
there is a flail elbow which the patient is 
unable to control, a similar operation is 
performed except that more care is neces 
sary m denuding the ends of the bone and 
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in placing the osteoperiosteal grafts In such 
instances I believe that fixation of the 
humerus to the ulna by one or two loops of 
stainless-steel wire is advisable Immobiliza 
tion should be continued for from three to 
SIX months [See also Chapter 14, with lUus 
trations —Ed ] 

Arthroplasty The elbow lends itself to 
arthroplasty better than any other joint of 
either extremity We believe that a higher 
percentage of such procedures are successful 
here than m any other joint m the body, 
with the exception of the temporomondibu 
lar joints 

Campbells Techmc [See Chapter 14 
for illustrations —Ed.] With the patient re 
cumbent and the arm across the chest, and 
a tourniquet on the upper arm, an inasion 
IS begun from five to six inches above the 
elbow on the posterolateral surface of the 
arm This is carried downward, to pass be 
tween the external condyle of the humerus 
and the olecianon, to a point about one inch 
below the joint line The mciston is earned 
down to the deep fasaa Skin tovrels are ap- 
plied Then the deep fasaa is elevated to 
expose dorsally the aponeurosis of the (n 
ceps muscle This aponeurosis is severed 
transversely at its upper extremity and 
divided along Us external and internal bor- 
ders in order that it may be lifted as a flap 
the base of which is still attached to the 
olecranon process This fascial flap is ele 
vated, and the masion deepened in the mid 
Une through the muscular fibers of the In 
ceps to expose the humerus m its lower 
third The incision is carried through the 
periosteum With an elevator the perios- 
teum IS stripped from the lower third of 
the postenor surface of the humerus 

The head of the radius and the olecranon 
process are exposed and the ulnar nerve is 
identified and protected from injury The 
bony fusion between the olecranon and the 
humerus is then severed with an osteotome 
and, if possible, the joint is flexed and dis- 
located to the mesial side If there is union 


between the olecranon and the humerus and 
between the head of the radius and the 
humerus, this latter union must also be 
severed with an osteotome before the joint 
can be flexed and dislocated After the lower 
end of the humerus is delivered into the 
wound Its surface is cut straight across, 
trimmed down with an osteotome until it is 
relatively thin, and then filed smooth with 
a wood file or ra'sp A straight hinge joint 
surface is made The olecranon fossa on the 
postenor surface of the lower portion of 
the humerus is deepened with a gouge The 
articular surface of the head of the radius is 
removed, and the greater sigmoid cavaty of 
the ulna is deepened with a curved chisel 
or gouge The articular surfaces, having 
been denuded, are smoothed with a curved 
rasp or wood file 

At this point the tourniquet is removed, 
bleeding vessels are damped and tied, and 
the wound is packed with gauze while fasua 
lata IS removed from the tbgh, the latter 
having been prepared and draped before 
the operation started and covered with a 
towel The towel is removed, and an incision 
about eight mebes long is made on the 
lateral surface of the thigh Care should 
be taken in making the inuston not to cut 
through the fasaa The inasion is carried 
down to the fascia and the subcutaneous 
tissue IS stripped back on each side A piece 
of fascia approximately seven inches long 
and four or five inches wide is exased The 
thigh wound is then fastened temporarily 
with skin chps or dosed by an assistant 
while the surgeon re-exposes the elbow, 
sponges out the blood which may have col 
lected, re inspects the articular surfaces, and 
determines that the surface of the lower end 
of the humerus !;:> at right angles to the 
shaft 

A small hole from before backward is 
then drilled through the supracondylar 
ndge on either side of the humerus and the 
internal and external epicondylar ridges are 
exased so that the lower end of the humerus 
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IS now considerably narrower from side to 
side than it was originally The strip of 
fasaa is then laid on the posterior surface 
of the lower end of the humerus and folded 
over the end so that its middle lies on the 
anterior surface of the humerus Sutures are 
then passed through the drill holes on either 
side of the humerus and through the two 
margins of the strip of fascia and tied Then 
the fascia is reflected on itself and applied 
to the lesser sigmoid fossa of the ulna and 
over the articular surface of the head of the 
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the elbow has been ankylosed m more 
extension 

In certain instances, I have not made a 
fascial tongue of the triceps aponeurosis, 
but have carried the incision down its lateral 
border, and then down over the olecranon, 
reflecting the tissue on the lateral side of 
the olecranon, and laterally from the hu 
menis, thus exposing the joint through a 
lateral inasion The bone is cut with a thin 
osteotome which is directed transversely In 
using this method special care should be 



lie 385 hlac:\usland elbow arthroplasty (A) 5km incision (a b), olecranon section 
(c), and ulnar nerve (d) View from behmd (B) Exposure Olecranon fragment (c) 
retracted upward, ulnar nerve (d) freed and retracted on tape, olecranon fossa (e), and 
ulna and radius (f) and (g) (C) Method of passing fascial flap Retracted olecranon 
(c) and oleaanon fossa (e) (D) Resuture of ulnar fragments to form double lined joint 
Onginal Mac;' asland procedure used only one fascial flap, that on the humerus 


radius, the free end coveting the articular 
surface of the ofecranon process Campbeff 
reflects part of this fasaa down around the 
head of the radius I have not attempted to 
do this, but have exased the head of the 
radius and placed the sigmoid of the ulna 
more nearly in the center of the lower end 
of the humerus The margins of the fascia 
are sutured to the soft tissues, and the joint 
la then closed by reducing the dislocation of 
the bones and suturing the capsule from 
below upward, the elbow being held flexed 
at a nglit angle The flap of the triceps 
aponeurosis which has been severed at its 
upper end is sutured at a point lower than 
Its former attachment, because, as a rule, 


taken to preserve the ulnar nerve It may 
be injured unless (he tissues are pushed well 
away from the inner side of the lower end 
of the humerus before the osteotome reaches 
this area It may also be exposed through 
a short median incision and pulled out of 
the way Zero chromic catgut is used bv 
Campbell for the fasaa I usually use silk 
and sprinkle sulfanilamide powder in the 
wound before beginning to close the wound 
[See CThapter 22 in reference to this use of 
chemotherapy —Ed ] 

After the operation, the elbow is immo 
blitzed m plaster in a position of 90® of 
flexion This plaster is left on for two weeks 
At the end of this time it is bivalved, the 
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stitches are remo\ed, and the patient is olecranon is cut through with a saw or 
taught to begin to mo\e the forearm ac chisel, and the olecranon is lifted from its 
lively and passively This is earned out at bed, separating it from the posterio’- sur 
first three times a day and the bivalved face of the humerus with a curved chisel 
plaster is used for a week or two longer if necessary, and reflected upward 
As the arm becomes less sensitive it is car With a thin blade osteotome the lower 
ned in a slmg A clove hitch is placed end of the humerus is then separated from 
around the wrist and tied around the neck the upper end of the ulna and the head 
m order to increase the amount of flexion of the radius, and the elbow is broken open 
This clove hitch is loosened from time to by flexing it A quarter of an inch or more is 
time during the day and the elbow is per then exased from each side of the lower 
mitted to go into as much extension as the end of the humerus, thus narrowing the 
patient can maintain without undue pain lower end of the humerus by removing part 
As the amount of movement increases and of the epicondyles The lower end of the 
the pam decreases the patient may begin to humerus is flattened and rounded from 
use the arm practically The final result is before backward and finished with a rasp 
not obtained until several months after the or wood file until it forms a straight edge 
operation espeaally is this true where articular surface Then, either with a curved 
there has been marked atrophy of the mus osteotome, gouge, or file, the sigmoid fossa 
cles as a result of the ankylosis in the ulna is deepened, and the humeral 

Technic of JIcAeslanu (Fig 385) articular surface of the radius is fashioned 
McAuslands technic has the advantage that so that its superior surface lies flush with 
the operation is more easily performed that of the «igmoid of the ulna, thus form 
However it has the disadvantage that the mg a socket for the articular surface of the 
olecranon is cut through at its base Con humerus 

sequently nonunion of the olecranon may Fascia lata is then removed from the 
result in efiorts to stimulate movement at thigh and applied to the posterior surface 
the elbow joint of the lower end of the humerus, folded 

/ The elbow is approached through an m forward around it, and then reflected on 
verted U inaaion which begins at the itself and carried backward to be fitted 
external condyle of the humerus passes into the greater and lesser sigmoids of the 
upward around the tip of the olecranon olecranon, and is brought out on the pos 
process and then cones dom^trard to the tenor surface of the joint This fasaa is 
internal condyle of the humerus This in sutured at its edges to the soft tissues or 
cision IS earned down to the deep fascia drill holes may be made in the humerus, as 
and the flap of ^kin and subcutaneous dtacnbed by Campbell The elbow is closed 
fasaa is dissected downward Then a longi by extending the joint Two small drill 
tudinal incision is made in the deep fasaa holes are made one through the proximal 
postenor to the internal condyle and the portion of the shaft of the ulna and another 
ulnar nerve is identified and raised from its through the tip of the olecranon and with 
bed A small piece of tape saturated with a piece of stainless steel wire the olecranon 
salt solution is passed around the nerve to is fastened to its base The fascia which has 
hold it out of the way during the operation been «plit transversely is then sutured and 
A transver-e incision is now made through the skin and superficial fasaa are brought 
the deep fascia approximately one inch down and sutured. The arm is fixed in ar 
distal to the tip of the olecranon This is cular plaster of pans m about 90® of flexion 
earned from the inlerml to the ratemal and the after treatment is carried out uS 
border of the humerus The base of the d^enbed above 
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Operations tor Increasing Range op 
Movement in Elbows Which Have 
Been Partially Ankylosedin Either 
F iExiov OR Extension but in Which 
Joint Movement Is Intact and in 
Which Limitation of Movement Is 
Due to Extra articular Fibrosis or 
Adhesions 

Mobilization of Elbows Which Have 
Been Fixed m Flexion Either a lateral or 
an anterior incision may be used If the 
elbow IS completely flexed a lateral incision 
IS preferable This begins about three inches 
above the elbow joint just anterior to the 
epjcondylar ridge and passes downward 
beyond the external condyle and backward 
along the anterior border of the anconeus 
muscle The incision is carried down to the 
bone and the supinator and flexor muscles 
of the forearm which lie anterior to the 
masion are lifted up from the lower end of 
the humerus and the capsule of the elbow 
joint Keeping close to the capsule and the 
periosteum, the incision is extended by sharp 
dissection inward across the joint to its 
inner side Then the capsule is divided 
transversely and the elbow is gradually 
extended 

It IS important that a fairly complete 
division of the anterior capsule be made 
and at times when the ankylosis m flexion 
IS due to organization of an old hematoma 
in front of the elbow there may be a dense 
mass of fibrous tissue in front of the capsule 
which must be divided before extension is 
possible As much extension as can be ob- 
tained without undue force and without 
interfering with the circulation is obtained 
at the lime of the operation and the arm is 
immobilized in this position m circular 
plaster of pans Further extension may be 
obtained by wedding plasters after the 
wound has healed and the sutures have 
been removed 

In an elbow in which extension to beyond 
90® IS possible, but in which there is con 
sidcrable limitation m extension, the an 


tenor inasion may be used This is made 
directly over the biceps tendon and earned 
straight down to the deep fascia, any large 
veins crossing the incision being ligated as 
they are exposed Usually this operation is 
done without a tourniquet m order to make 
no mistake m the identity of the brachial 
artery which lies close to the mesial border 
of the biceps tendon The biceps tendon is 
freed and is lengthened by the Z method 
Its two ends being reflected The incision is 
earned down to expose the brachialis anticus 
and this short tendon is also lengthened by 
the Z method the lengthening extending 
somewhat up into the muscle tissue and its 
ends are reflected In exposing and lengthen 
ing the brachialis anticus tendon care must 
be taken not to injure the musculocutaneous 
nerve which lies lateral to and just beneath 
the biceps tendon 

Having lengthened and reflected the ends 
of these two tendons close to their insertions 
into the radius and the ulna the soft tissues 
including the vessels and nerves, are gently 
separated from the anterior surface of the 
capsule of the joint by pushing them later 
ally and mesially in the depth of the wound 
When the capsule of the joint is satisfac 
tonly exposed it is cut transversely so that 
the joint IS opened widely on its anterior 
aspect This will usually permit quite free 
extension of the elbow The brachiaUs 
anticus and the biceps tendons are then 
sutured with as much lengthening as is nec 
essary the two ends of the Z being slid by 
one another and united by medium silk The 
wound IS closed and the extremity is immo 
blitzed m circular plaster of pans in as 
much extension as can be obtained without 
interfering with the circulation of the ex 
tremity If further extension is desired it 
can be obtained later by the use of a 
wedging plaster 

Mobilization of an Elbow Which Has 
Been Ankylosed m Extension by Extra- 
articular Adhesions or Fibrosis The in 
asion begins on the posterolateral aspect of 
the arm about live inches above the elbow 
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joint and extends downward close to the the radius or by adhesions around this bone 
midline and passes along the outer border Ih such instances the head of the radius 
of the olecranon process and is earned may be remoi-ed [See Ouipter 31 for 
through the deep fascia to expose the apo- technic —Ed ] 

neurosis of the triceps muscle This aponeu Osteotomy of Lower End of Humerus 
rosis IS cut obliquely from each side dose This operation is occasionally indicated in 
to the attachment of the muscle fibers at Its cubitus \artis os a result of old injury to 
upper end the two incisions coming together the elbow A lateral incision is used, the 
to make a V shaped tongue, point upward inasion Ijing in the plane between the 
This incision is earned through the apo antenor border of the triceps muscle and 
neurosis and the V shaped tongue is re- along the supinators of the forearm postenor 
fleeted down to its attachment to the to the intermusclar septum, care being taken 
olecranon The ulnar nerve is then identified not to injure the radial nerve which crosses 
by reflecting the subcutaneous tissue and this septum in the upper part of the inci«ion 
skin on the inner side of the elbow, and is After the humerus is exposed, the pen 
lifted out of Its bed above the internal con osteum is split longitudinally and stnpped 
dyle Then a transverse incision is made in up on the anterior and posterior surfaces 
the capsule of the joint extending from the of the bone Then the humerus is divided 
posterior border of the internal condyle with an osteotome, the point of division 
across the joint to the postenor border of being just where the lower end of the shaft 
the external condyle and being curved begins to expand to form the condyles A 
slightly downward so that the attachments thin osteotome is u ed, care being taken not 
of the triceps muscle to the olecranon and to drive the osteotome too far to the inner 
the postenor capsule are included to permit side and injure the ulnar nerve, which lies 
free flexion of the elbow joint dose to the nlnar border of the bone at 

The elbow is then flexed, using some force this point ^Vben the humerus is nearly cut 
if necessary to tear any remaining adhesions through it is broken by strong adduction 
m the posterior portion of the joint Then of the arm 
) the ulnar nerve is replaced m its groove and The wound is then closed in lajers with 
the two borders of the triceps tnusde are fine silk, care being taken to maintain the 
mobibzed With the elbow maintained m a position of the fragments, and the arm is 
position of flexion the tongue like process immobilized in circular plaster of pans m a 
of the triceps aponeurosis is laid back in position of slight overcorrection, the elbow 
place and sutured to the musefe on either being fixed at an angfe of 90’^ with the fore 
side The <;pace above, from which it has arm fully pronated in order to abduct the 
slipped down and where the margin of the lower end of the humerus This is a hanging 
muscle fibers are separated, is closed The cast type of plaster, supported from the 
subcutaneous tissues are then closed in vvnst by a dove hitch which is passed 
lajers and the limb is immobilized in circu around the neck [See Chapter 30 —Ed 1 
lar plaster of pans m as much flexion as can The cast is left on for one week At the end 
be obtained without undue tension The of that time an x ray picture is taken in 
plaster is left on for two weeks At the end order to determine the position of the frag 
of this time it is removed, and active and ments If the posiUon is not saUsfactory it 
passive mouon are begun can he changed by cutUng the plaster al 

Excision of Head of Radius After old most entirely around and wedging it in the 
fractures or after some cases of acute or direction desired At the end of two weeks 
chrome arthritis, rotation of the forearm is a window is cut in the plaster and the 
prevented by malformaUon of the head of sutures are removed, or the plaster may be 
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bivalved or may be removed and a new 
one applied 

The hanging cast should be maintained 
/or sit neeJwS At the end of this time tmion 
should be sufficiently solid to permit the 
patient to carry the arm in a sling 

OP£R.\TIONS ON WRIST 
Osteotomy for Flexion Defonnity Oc 
casionally the wrist becomes ankylosed in 
flexion as a result of a pyogenic or of a low 
grade infectious or proliferative arthnbs 
In such instances there is usually marked 
atrophy of (he bone and the patient may 
be in poor general condition Flexion de 
formity interferes with the function in the 
hand Consequently tf the hand can be 
extended on the wrist to a position of about 
30® in extension function will be markedly 
improved This is easily obtained by means 
of an osteotomy through the base of the 
styloid process of the radius 
TtCHNic The vertical incision about two 
Indies long lies on the volar side of the 
extensor carpi radialis tendon and is car 
ried directly down to the bone The pen 
osteum 13 spilt m a longitudinal direction 
and IS stripped up on either side A small 
thin osteotome is driven straight across the 
radius, passing through the base of the 
styloid process and partly through the fused 
joint between the lower end of the radius 
and the first row of carpal bones There is 
little danger of harming any important 
structures Rhen the bone is almost com 
plctciy divided the osteotome is withdrawn 
and the WTist is forcibly dorsiflexed to cor 
reel the deformity to the desired degree 
Tlie wound is then closed in layers and 
immobilized in the correct position m ar 
cular plaster of pans which extends from 
the middle of the arm to the base of the 
fingers The plaster is left on for itom five 
to SIX weeks At the end of that time the 
plaster is removed, and the patient is en 
couraged to use the extremity 
Operation for Synostosis of Radius 
and Ulna If the union of the two bones s 


ID the upper portion between the head and 
neck of the radius and the ulna the opera 
tion for excision of the head of the radius 
may be used the offending portion of the 
radius being removed either with an osteo 
tome or with bone cutting forceps After the 
operation the stump of the shaft of the 
radius is covered with surrounding soft 
tissue by means of a purse string suture and 
the exposed portion of the shaft of the ulna 
IS smoothed off and any loose chips of bone 
are removed The inasion is then closed in 
the usual way With synostosis between the 
shafts of the bones in their lower fourth— 
that IS, if the lower two inches of the ulna 
IS involved— it is probably wise to perform 
a pseudarihrosis of the ulna rather than 
attempt to remove the bone from between 
the two forearm bones This operation may 
also be used for synostosis at any level 
As a rule however m instances where syn 
ostosis occurs between the shafts of the 
radius and ulna above tbe lower fourth, a 
better end result will be obtained if the 
synostosing bone is removed and if the 
^fts of the forearm bones are left intact 
Technic of Excision of Synostosis 
The posterior surface of the shaft of the 
ulna is approached by a longitudinal ina 
sioD over ifae extensor carpi ulnaris muscle, 
the inasion being of ample length and its 
center being over the site of the synostosis 
The extensor carpi ulnans is retracted to 
the radial side to expose the posterior sur 
face of (be shaft of the ulna and by sharp 
dissection the incision is carried radialward 
across the synostosis and the interosseous 
membrane, keeping between tbe muscles 
and the bone formed m the interosseous 
membrane lifting up the origins of the 
forearm muscles where they are encountered 
over the synostosis If possible the peri- 
osteum IS not removed from the synostosis 
After the tissues have been retracted to 
the radial side to expose the shaft of the 
radius, the synostosis is outlined and the 
interosseous membrane at either end of it is 
excised It is then cut across with a small, 
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sharp o^ateotome and is remo\ed piecemeal, 
either with an osteotome or ^\ith rongeur 
and bone-cnttmg forceps If possible, all of 
the intervening bone should be removed 
After its removal the space between the 
bone may be filled with a mass of sub 
cutaneous fat removed from the thigh or a 
strip of fascia may be wrapped around the 
shaft of the ulna in order to prev enl recur 
rence of the sjTiostosis As a rule, however, 
if an adequate removal has been effected 
the interposition of transplanted tissue is 
not necessary to prev ent a recurrence Sub 
cutaneous tissue and fascia are closed with 
mternipted sutures of fine silk and the skin 
is dosed with contitiuous sutures As a rule, 
no plaster is necessary, and movement is 
started as soon as the wound has healed— 
that is, in about tno weeks 

Pseudarthrosis of Ulna This is (he 
operation of choice tn s^mostosis of the 
loner portion of the radius and the ulna 
or in ank>Iosis of the inferior radio-ulnar 
joint [It IS the considered opinion of many 
men that this procedure for ankylosis of the 
inferior radio ulnar joint is inferior to sub 
periosteal resection of the ulnar head See 
Chapter 32 —Ed ] The ulna is exposed 
about two inches above the wrist by a pos 
teromesial incision along the border of the 
extensor carpi ulnarismusde This muscle is 
retracted to the radial side and the ina'^ion 
is made sufficiently long so that by retract- 
ing tn pa’rmai aspect, tic* enVne iJaiSV cA 
the ulna can be exposed Then the pen 
osteum IS cut around the entire circum 
ference of the ulna at tno points, aj^ron 
matelv one-half of an inch apart A Gigli 
saw is introduced between the two bones 
and approximately one half of an inch of 
the shaft of the ulna is resected The wound 
IS dosed in layers and a plaster of pans 
cast IS applied and left on for tno weeks 
until the wound is healed At the end of 
this time the cast is removed and the 
patient may begin to u«e the e-xtremity 
gradually 

Techmc of Anhiodcsis of Wtist. A 


longitudinal inasion approximately six 
inches long is made on the dorsum of the 
forearm just to the ulnar side of the common 
extensor tendons of the Angers This incision 
lies between the extensor propriua of the 
fifth finger and the common extensor tendon 
of the fifth finger It is carried down to the 
bone and through the dorsal carpal Iiga 
ment and reaches the lower end of the 
radius near its ulnar side The incision is 
earned down along the radial border of the 
extensor of the fifth finger as far as the base 
of the metacarpal bones and the periosteum 
IS exased over the proximal portion of the 
fourth metacarpal Then a broad, thm osteo- 
tome IS introduced and a thin layer of bone 
IS raised from the postenor surface of the 
radius and the postenor surfaces of the 
carpals and metacaipals, the osteotome 
being directed to the radial side and keepmg 
just beneath the cortex of the bones This 
lifts a flap resulting m exposure of the radio- 
carpal joint and of most of the carpal and 
carpometacarpal joints The carpometa 
carpal and the carpal joints on the ulnar 
side of the incision can be exposed b} 
raiding a thin shver of bone from the dorsal 
surface of the bones to the ulnar side, care 
being taken not to interfere with the radio 
ulnar joint which if possible is not opened 
Having opened the joints, the articular 
cartilage is removed with a small curette or 
with a thin osteotome or gouge and some 
\xmfc <ltq>a <rrepati>.ed m bVcweeti "ibe tarptA 
bones and the lower end of the radius and 
between the bones forming the first row of 
the carpus where ‘space permits Then a 
thin, flat graft of bone is removed— either 
from the posterior surface of the ilium ac 
cording to the technic of Abbott, or a thm, 
wide, flat osteoperiosteal graft from the 
tibia— and is curved slightly so that it will 
fit in the prepared space when the wrist is 
dorsiflexed This is slipped under the layer 
elevated from the dors.d surface of the lower 
end of the radius and from the carpals and 
metacarpals, reaching to a point approxi 
nwtely one half of an inch beyond the base 
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of the metacnrpal bones and approximately 
one and one half inches proximal to the 
lower end of the radius The elevated flap 
IS then laid over it the wound is closed m 
l3}ers and the extremity ts immobdized 
in circular plaster of pans which extends 
from the middle of the arm down to the 
tip of the fingers with the forearm in a 
position of slight pronation and the wnst 
dorsiflexed about 30° This plaster may be 
left on for tw o months or it may be changed 
at the end of two weeks for a more snugly 
fitting one which extends only to the base of 
the fingers in order to permit movement of 
the fingers and thumb The second plaster is 
left on for six weeks at the end of which 
tin c a firm ankylosis should be present 
The plaster may then be removed and the 
patient may begin to gradually use the 
extremity 

(See also Chapters 14 and 33 and illus 
tratJons.— Ed ] 

Excision of Semilunar Bone The <emi 
lunar and the scaphoid are sometimes re 
mo ed either for old fractures of either 
bone or for chrome osteitis either Kien 
bocks disease of the semilunar or Preissers 
di<ease of the scaphoid The masion is 
made on the dorsum of the wrist to the 
ulnar side of the extensor longus of the 
thumb ani between this and the extensor 
tendon of the index finger The incision is 
about two inches lofJ„ and jls center Jics ;usl 
below Uie wrist joint It is carried down 
through the annular ligament directly to 
the bone and by sharp dissection the pos 
tenor surface of the adjacent carpal bones 
IS exposed and Uieir posterior ligaments 
arc cut 

M this point It IS advi<^ble to identify 
the bone which it is desirable to remove 
as It IS quite possible to confuse the semi 
lunar bone with the adjacent half of an old 
fractured scaphoid or vice versa In some 
instances both bones are removed inten 
tionillj it being believed by some surgeons 
tint when one of the«e two bones is re 
moved cither both or the entire proximal 


layer of carpal bones should be removed 
The choice as to how much bone should be 
excised from the first row of carpals is one 
which rests with the individual surgeon 
It js to be noted that the above incision 
comes directly down on the mesial or ulnar 
side of the scaphoid and that the semilunar 
bone lies to the ulnar side of the incision 
It IS perhaps for this reason that the wrong 
bone IS sometimes removed 

Having identified the offending bone the 
dorsal tendons over it are retracted and by 
sharp dissection its entire dorsal surface is 
freed from ligamentous attachments Then 
the wrist is strongly flexed and a knife is 
slipped between the bones and some of the 
volar ligaments are cut A rather thin skid 
or bone chisel or other strong instrument is 
then slipped between the bones and while 
the wrist is strongly flexed the senulunar or 
scaphoid os the case may be is pried out 
In instances where this operation is done 
for an old fracture of the scaphoid with 
traumatic arthritis after the posterior por 
tion of the scaphoid is remov ed the anterior 
portion can be excised by deep dissection 
or if necessary through a separate masion 
on (he lateral side of the wrist If this second 
incision 15 made special care should be 
taken not to injure the radial artery and 
(he dorsal branch of the radial nerve which 
he in the anatomic snuffbox The artery 
shows coasidsrohie variation in position 

After the bone has been removed the 
wound is closed m layers suturing the 
dorsal ligament with fine silk and the wrist 
IS immobilized m circular plaster of pans 
which extends from the upper portion of 
the forearm to the base of the fingers This 
IS worn for from two to four weeks and is 
then removed and the patient is encouraged 
to use the hand 

Excision of a Dislocated Semilunar 
Bone Sometimes -m old dislocated semi 
lunar bone which lies in the volar aspect 
of the wrist beneath the flexor tendons is 
encountered fSce Chapter 33 for technic — 
EdJ 
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Stenosing Tenosynovitis of Extensor 
or Abductor Tendons of Thumb 'ITus is 
a condition which may persist over a period 
of many months and cau e considerable pain 
over the radial stjloid and disability and 
maj not yield to conservative treatment 
which consuls of immobilization of the 
thumb m abduction In such instances the 
tendon sheaths should be opened 

Techmc The operation is best done 
under local anesthesia as it is important to 
determine by palpation the exact site of the 
painful lesion Then an inasion about two 
inches long is made through the skin directly 
over the tender point (radial styloid) and 
carried down to the tendon sheath care 
being taken m case the abductor and short 
extensor tendons of the thumb are involved 
not to injure the dorsal branch of the radial 
nerve which supplies the back of the thumb 
The tendon sheath is opened by a ioogi 
tudinal incision and the tendon is lifted 
out and inspected Any excess granulation 
tissue which may be present on the tendon 
or sheath is removed The tendon sheath is 
left open and the woimd is closed m la>ers 
and dressed with a bandage which bolds the 
thumb m extension and abduction for a 
week At the end of this time the sutures 
are removed and the patient may begin 
gradually to use the hand 

Operation for Tngger or Snapping 
Finger This is due to a stenosing teno 
sj-novitu of one of the flexor tendons of 
the fingers or of the thumb The stenosis 
usually IS in the palm just proximal to the 
base of the phalanx It is important before 
operating to locate as accurately as possible 
the site of constriction Then under local 
anesthesia the offending tendon is exposed 
the sheath is «plit and it will usually be 
found that a bulb like enlargement on the 
tendon is present If the sheath is widely 
split and left open it will not be necessary 
to remove this enlargement or to attemjJt to 
decrease the size of the tendon The wound 


is then closed m Ia>ers and the hand is 
dressed with the tendons immobilized for 
a week At the end of this time the sutures 
are removed and the patient may begin to 
exerase the hand 

Posterior Capsulotomy for Stiffness of 
Fingers in Extension at Metacarpopha 
langeal Joints An inasion is made on 
either side of the joint and is carried di 
rectly downward to the bgamenlous «truc 
lure between the heads of the metacarpals 
Then the joint capsule is inased on its 
bletal aspect on either s de The subcu 
taneoua tissue:* and tendon are dissected 
from the dorsal joint capsule and lifted up 
and the joint capsule is cut across m its 
posterior portion Then the joint capsule on 
the lateral and mesial aspect of the involved 
joint IS cut across almost to the palmar 
aspect of the metacarpal head the soft 
extracapsular tissues being elevated b> 
blunt dissection This will permit flexion of 
the fingei^ but with flexion there is a 
tendenty of the extensor tendon to snap 
over to one or the other «;ide of the meta 
carpal bead The incision is closed in la>ers 
and (be wound is dressed with the fingers 
moderately flexed This flexion i» increased 
with a banjo splint and traction or by 
further flexing the fingers in a bandage 
dressing covered with slnps of adhesive 
applied at the end of a week after deep 
structures have begun to heal [The banjo 
s^.vwt. vs usuaJi’/ ^efewed — Ed \ 

Technic of Arthroplasty of Metacarpo 
phalangeal Joints An incision about two 
inches long and centered over the jont is 
made on the dorsum of the hand and finger 
lying between the metatarsal heads and is 
carried obliquely downward and inward or 
outward to the joint capsule. This is ’=plit 
the penostcum is lifted up for a short dis- 
tance on either side of the joint and the 
bones if ankjlosed b> bone are divided 
with a small osteotome Then the head of 
the metacarpal is reduced m cize and 
round«l and likewise the base of the 
phniatiT IS reduced m size and hollowed 
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slightly from before backward so that its 
surface corresponds roughly to the curve of 
the head of the metacarpal, suffiaent bone 
being removed so that with moderate trac- 
tion the two bones are separated appro-w 
mately one fourth of an inch 


wound IS then closed in lasers and the hand 
IS immobilized in a splint for a period of 
two weeks At the end of this time the splint 
IS removed and sbght movement is begun 
This IS gradually increased If considerable 
stiffness in extension or flevion is present, 



Fig 386 {Lcjt, m square) Finger arthroplasty (A) Line of pursestnng, (B) line of 
suture for fascial sheet in cross section Inset represents posterior view of reconstructed 
joint 

Fig 357 {Right) Release for hip flexion deformity (A) (a) Sartonus, (b) tensor 
fasciae femoris, (c) gluteus medius separated from antenor superior spine and ihac crest 
with thin lajer of bone Ihacus reflected from inner face of ihum (B) Flexion corrected 
after separation of rectus from anterior infenor «^pme (a) Sartonus, (b) tensor fasciae 
femoris, (c) gluteus medius, (d) iliacus, (e) rectus (C) Dotted Ime represents resected 
portion of dium, x line represents area of bone roughened by curette for reattachment 
of muscles Arrows indicate suture of subcutaneous tissue of upper skin flap to deep 
fascia (a) Sartonus, (b) tensor fasciae femoris, (c) gluteus medius, (d) iliacus 


\ thin strip of fasaa lata from the inner 
side of the thigh or from the arm over the 
biceps muscle is removed, folded from 
behind forward over the head of the meta- 
carpal bone, and tied with a pursestnng 
suture The free end of the fascia is brought 
back out between the two hones, and sutured 
to the base of the phalanx (Fig 3S6) The 


this can be partially overcome by the tem 
porary use of a banjo splint during con 
valcsccnce 

Arthroplasty of Fingers Arthroplasties 
of the fingers are not, as a rule, successful 
Occasionally, however, a satisfactory result 
IS obtained and the operation should not be 
denied patients who desire it and who have 
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had ita limitations explained to them before- 
hand 

Technic The finger is exposed through 
a dorsolateral incision similar to that de- 
scribed for drainage (see p 426) Howe\er, 
the incision is longer and is carried approti 
mately tno-thirds of the distance toward 
the joints on either side, directlj down to 
bone The tissues on either side are then 
reflected by sharp dissection, and the re 
main^ of the joint capsule are cut across 
transversely If the bones are ankylosed by 
bone, they are divided by a small, thm 
osteotome The head of the proximal 
phalanx vs then rounded and the ba_e of 
the distal phalanx is so shaped that it is 
curved from before backward and fits 
roughly the curve on the head of the prox 
imal phalanx Sufbcient bone is removed so 
that approximately one fourth of on inch 
separation of the two bones is present when 
moderate traction la applied to (be end of 
the finger Then a thin strip of fascia from 
the inner side of the thigh is removed and 
placed around the head of the proxinul 
phalanx, the free end of the stnp being oo 
the back It IS folded over on to the volar 
surface and brought back again and sutured 
to the tissues covering the dorsum of the 
distal phalanx, as m metacarpal arthroplasty 
above, interpo ing two strips of fascia be 
tween the ends of the bones 

The finger is immobilized on a *:pbni for 
a period of two vxeeks At the end of this 
time the splint is removed and movement 
is begun If it seems unusually <5tilf an at 
tempt may be made to increase the range 
of mov ement bv means of a banjo splint and 
elastic traction 

SURGERY OF HIP 

Fasciotomy for Extra articular Aiiky 
losis in Flexion (Fig 387) An inasion 
beginning over the crest of the ilium and 
shghtly below it approximately two or three 
inches posterior to the anterior supenor 
<ipine la carried forward along the crest of 
the ilium to the anterior supenor «piae and 


then downward over the anterior surface 
of the lhi„h nlong the lateral border of the 
sartonus muscle between this musde and 
the tensor fascia femoris The masion is 
carried down to the bone and to the deep 
fascia on the tJiigh The tenaor fascia 
femons and ^ariorius muscles ate removed 
from their origin and the periosteum ad 
jacent to the crest of the ilium u> cut \\ ith 
a rather ^harp periosteal elevator the origin 
of the gluteus maximus muscle is stripped 
m its anterior portion for a distance of 
about two inches so that this muscle slides 
downward and backward At the same time 
the p“nosteum is removed from, the aest 
of the ilium and from its inner aspect under 
the iliacus vnih a -harp periosteal elevator, 
thus penmitmg the anterior superior >ipiDe 
and a portion of the cre<t of the ilium to 
project m the wound ^ a rule, this will 
permit extension of the thigh to a consider 
able degree Occasionally, however, there is 
marked contracture of the capsule of the 
joint m Its anterior portion 
If the thigh cannot be quite freely ex 
tended after the above procedure has been 
completed, the dissection should be earned 
down to the joint, extending the dissection 
down along the anlenor border of the ihura 
\\ hen the hip joint is reached the anterior 
portion of the cap-ule should be cut across 
parallel with the femoral neck, dividing the 
Y ligament and the reflected tendon of the 
origin of the rectus femons muscle As a 
rule, this will pemut full extension of the 
hip The projecting portion of the ilium, 
including the anterior superior «pjne and 
the adjacent porbon of the bone, is then cut 
off so that it does not project forward in 
the wound The wound is then dosed in 
layers, making no attempt to re attach the 
muscles to their bony origin 
Occasionally, in severe cases, it is neces 
sary to sever the iliop'oas muacle near its 
insertion mto the lesser trochanter before 
extension of the hip can be obtained If 
there is much adduebon deformity, this 
trmj be corrected by tenotomy of the ad 
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ductor muscles after the above operation or without a Thomas splint, it is frequently 


hast been completed 

CviiruELLS Technic The incision and 
operation are similar, except that instead 
of denuding (he anterior superior spine of 
Its muscle attachments a thin layer from the 
outer portion of the crest of the ilium is cut 
oiT w li an osteotome before the muscles are 
stripped from the outer side of the bone 
This thin portion of the crest and the an 
tenor spine is then reflected outward and 
the muscle stripping is carried out Like 
wise, the stripping of the inner side of the 
ihum, lifting up some of the origin of the 
ibopsoas muscle, is carried out and if nec 
essary the dissection is carried down to 
divide the deeper structures including the 
rectus femoris tendon, the capsule of the 
hip, and the iliopsoas muscle 
After correction has been obtained a tract 
of bone one inch wide is denuded on the 
side of the ilium two inches below and 
parallel to the former crest Then the ihm 
strip of iliac crest and anterior superior 
spine which was lifted up with the attach 
ment of the gluteus medius muscle is shifted 
downward and approximated to this de 
nuded area The incision is enclosed by 
suturing the superfiual fascia on the upper 
side of the incision, the deep fascia on the 
lower side, thus bringing the skin incision 
one inch below the edge of the ihum, and 
avoiding pressure from underlying bone 
Vfter treatment After fasciotomy by 
either of these methods the hip may be 
placed m h>percxlension and abduction and 
immobilized m a plaster of pans spica which 
extends from the toes to (he nipple on the 
afiected side and to the knee on the opposite 
side, or tlie patient may be placed m bed 
with a fracture board under the mattress 
and moderate traction to the extremity In 
instances where tliere has been severe de 
formily it is believed that the traction 
method of after treatment is less liable to 
lead to shock and gradual correction can be 
obtained posloperaUvely In altempUng 
gradual correction by traction, either with 


necessary lo nx me uppuanc 
with the knee extended in order to immo 
bilize the pelvis and lumbar spine Other 
wise, traction will merely pull the pelvis 
down with an increased lumbar lordosis 
Oblique Osteotomy of MacMurray 
(Fig 388) This procedure is used for the 
rehef of hypertrophic arthritis of the hip, 
and in unumted fractures of the femoral 
neck The incision begins on the lateral 
side of the thigh opposite the tip of the 
trochanter and is extended downward for 



Fig 388 AJacMurray s osteotomy 
(a) indicates line of bone section 
Arrow (b) indicates direction of dis 
placement of shaft Inset shows shaft 
being displaced beneath head 

a distance of about five inches and is earned 
through Uie deep fascia to the lateral aspect 
of the femur The proximal fibers of the 
vastus lateralis muscle and the periosteum 
are split laterally just below tlie trochanter 
Then the tissues over the front of the femur 
are reflected upward and mesially, so that 
the lower border of the neck of the femur 
and the lesser trochanter can be palpated 
This IS done by blunt dissection 
After the position of the lower border of 
the neck and of the lesser trochanter are 
located, a line is projected outward and 
downward from the space between the 
former and the latter to the lateral surface 
of the femur This will reach the lateral 
border of the shaft at a position about one 
inch below the base of the trochanter This 
line hes at an angle of approximately 45° 
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to the long axis of the shaft of the femur 
The femur is then cut obliquely at an angle 
of about 43°, beginning on the outer sur 
face of the ^haft so that the mesial side of 
the osteotomy emerges between the lesser 
trochanter and the lov.er border of the neck 
The femur is completely dnided Then, by 
abduction and aLo by means of a large 
periosteal elevator or bone skid which is 
inserted between the fragments the distal 



Flc 5S9 (A) Lorenz bifurcation, 
(B) Hass oateolomy (C) and (D) low 
Schanz osteotomy (E) and (F) high 
Schanz osteotomy, in (E) the sbeanng 
strain in a nonunion is indicated at (a) 
and Its elimination shown in (F) 

fragment is forced inward it is displaced 
inward approximately one half the diameter 
of the shaft of the femur at the point of 
the osteotomy The wound is then closed 
while the extremity is held in a position 
of moderate abduction and flexion and a 
plaster-of pans 'pica is applied from the 
toes to the pelvis, or, if the pelvis cannot 
be fixed m the plaster, it should extend up 
to the armpits with the limb immobilized 
m a neutral position as regards rotation 
and 30° of flexion and abducted about 20“ 
The 'pica is left in position for from six to 
eight weeks At the end of this time it is 


removed, and the patient begins to exerase 
the hip and loosen up the knee. The pabent 
is gotten out of bed on crutches from two to 
four weeks later, and the crutches are dis- 
carded as union becomes more firm and 
strength teiurns to the extremity 

(The following three o teotomies were 
ongioally designed for irreduable congeni 
tal dislocations of the hip and are so de 
scnbed here They have all been adapted 
to the problem of arthnbs of the hip and 
of unumted fracture of the neck of the 
femur In the Lorenz bifurcation and the 
Haas modificabon of it, when so used, the 
shaft IS displaced toward the ischium and 
beneath the acetabulum, instead of mto the 
acetabulum AU three of these osteotomies 
are low osteotomies, both trochanters being 
with the upper fragment In this country, 
however, the high osteotomy of ’MacMurray 
has largely replaced them m these condi 
tions The gooseneck fixation apphance de 
vised by Moore and Blount has made 
postoperaine plaster fixabon unnecessary 
with the AlacMurray type of osteotomy 
-Ed] 

Bifurcation Osteotomy (Lorenz and 
Haas) (Fig 389) The site of the osteotomy 
IS at the level of the acetabulum A lateral 
inciaiOD begins at the bp of the trochanter 
and extends downward for a distance of 
about SIX inches The deep fasaa is divided, 
and the lateral surface of the femur is ap- 
proached subperioateally through the fibers 
of the upper portion of the vastus lateralis 
muscle The onginal Lorenz osteotomy con 
<isted of an oblique osteotomy in an upward 
and inward direcbon as viewed from the 
front The shaft was then displaced into the 
capaulecovered acetabulum vrhile the raw 
surface of the proximal fragment was placed 
in contact with the 'baft 

Haas modified this o leolomy 'o that 
instead of being obhque in one plane the 
femur was divided in an obhque frontal 
plane from below p03tenorIy to above an 
teciorly to provide a telabvely large area of 
contact of raw bony surface and to prevent 
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flexion of the upper fragment with possible 
injury of the femoral vessels The proximal 
end of the osteotomy is opposite the acetab- 
ulum, the lesser trochanter being included 
m the proximal fragment Haas inserts a 
drill from below posteriorly to above an- 
teriorly toward the acetabulum m order to 
determine the direct line of the osteotomy 
The roentgenogram is then made to insure 
the correct position The shaft is then di- 
vided m this plane with an osteotome The 
distal fragment is then abducted so that 
ils proximal end rolls inward, upward, and 
anteriorly into the acetabulum, and the por 
(lonof the raw surfaces of the two fragments 
remains in contact with a layer of capaule 
interposed between the sharp end of the 
distal fragment and the articular surface of 
the acetabulum The wound is then closed 
and the leg is abducted to 30” and slightly 
flexed and is immobilized in a single plaster- 
of pans spica, which extends from the toes 
to the nipple, for a period of eight weeks 
the end of that time the spica is removed, 
and exerascs are begun to restore move 
ment m the knee and hip Four weeks later 
the patient is gotten up on crutches 

Schanz Osteotomy (Fig 389) This is 
an osteotomy which angulales the upper 
fragment inward against the pelvis while 
the lower fragment is parallel to the weight 
bearing hne of the extremity Also, the 
weight hearing }iae is shifted in^iard The 
femur is approaclied through a long, lateral 
incision alter it has been determined at 
what angle the bone is to be bent after the 
osteotomy The most desirable point for the 
osteotomy is at the level of the tuberosity 
of the ischium 

Before the osteotomy is performed the 
leg IS fully adducted, and an x ray is made 
m order to determine what angulation of 
the femur is necessary m order that the 
proximal fragment approacli the side of Ihe 
pelvis From the angle thus calculated it is 
possible to determine the angle at which 
the large Gacnslen screws are drilled mio 
irtc bone Mtcr the side of the femur has 


been exposed these two large screws are 
drilled in the bone at such an angle that 
when the lower fragment is abducted after 
osteotomy— that is, bowed inward while the 
upper fragment is held in the adducted 
position— the two screws will be parallel 
They are placed in the bone from two and 
one half to three inches apart, the lower 
one being at right angles with the shaft of 
the femur while the upper one makes an 
angle with the shaft equal to the angle 
which It is proposed to create, usually 
approximately 20° After these two pins are 
in place a transverse osteotomy of the femur 
midway between them is performed at the 
level of the tuber ischium with an osteotome 
and the lower fragment is abducted to the 
desired degree until the two pins are 
parallel Then the two pms are fixed with 
plates or damps to maintain the angulation 
The wound is then closed and tbe extremity 
IS immobilized m a plaster of pans spica 

As soon as the plaster is set a window 
should be cut in it around the pins and 
plates, as It 15 not desirable that these be 
fixed m the plaster, because movement of 
the patient in the plaster is apt to loosen 
the fragments when the pins are fixed to the 
plaster Immobilization is continued for ap 
proximately ten weeks At the end of this 
time the plaster and pins are removed and 
the patient may begin to exercise the leg 
and IS gotten up on crutches from two to 
four weelws later 

Subtrochanteric Osteotomy The above 
osteotomiK are used where there is not bony 
ankylosis between the upper end of the 
femur and the pelvis ^Vhere such ankylosis 
is present the proximal extremity is fixed 
and all that is necessary is a subtrochanteric 
osteotomy Tins may be performed through 
a short lateral incision just wide enough for 
the introduction of the osteotome so that 
Ihe CBteotomy is performed subcutaneously 
In this method an incision one inch long is 
made just below the trochanter A broad 
osteotome is introduced down to the bone, 
is then rotated 90°, and is driven almost 
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two thirds of the way through the bone Causingdisplacementof the fragments Then 
Then the bone is fractured by forcible ad the adductor muscles are sectioned mth a 
duction and brought out into the desired tenotome, if this is indicated The leg is 
position then immobilized in a plaster of pans spica 

I prefer the open method An incision which extends from the toes to the nipples 
about four inches long beginning one inch m the corrected position If it has not been 
above the tip of the trochanter is made on possible to obtain adequate correction at the 
the lateral surface of the thigh and is car time of the operation without danger of 
ned down to the lateral surface of the femur displaaog the fragments, the limb is left 
and the anterior surface of the bone is in plaster for tno weeks At the end of tius 
exposed to locale the inferior border of the time the spica is removed, further correction 
neck and the lesser trochanter The bone is is oblamed, and a new spica is applied The 
then cut through with an osteotome As a immobilization is continued for from eight 



Fig 390 Autogenous bone peg arthrodesis of hip (ie/t) Line of 
incision {Center) Exposure (a) Trochanter, <b) head and neck of 
femur (c) acetabular margm, (e) divided and retracted gluteus 
(f) edges of divided capsule (g) vastus lateralis {Right) Pegs are 
shown placed through trochanter along denuded bead and neck and 
embedded in ilium, with bene chips placed at junction of head and 
acetabulum 

rule the entire section is not made, but a to ten weeks At the end of this time the 
portion of the inner cortex is broken by spica is removed and the patient begins to 
adducting the hip Sometimes a wedge of exercise the limb in bed to loosen up the 
variable size is removed from the outer por knee and ankle At the end of from two to 
tion of the shaft in the trochanteric region four weeks after removal of the spica, the 
of the femur in order to prevent displace patient is gotten up on crutches, which are 
ment At other times a V shaped or curved discarded as soon as the leg is strong enough 
osteotomy is performed In this instance the te get along without them 
incision IS earned more anteriorly so that Arthrodesis of Hip The large number 
the anterior surface of the femur is exposed of methods for arthrodesis of the hip is 
The V-shaped osteotomy is used because evidence that it is difficult to obtain union 
there is less danger of slipping of the frag m this joint, due largely to the long lever of 
ments when the leg is abducted However, the femur and the great strain which is put 
execution is a little more difficult upon the joint and to the relatively small 

After the operation the leg is abducted articular surface In old arthnbe joints tie 
and if a flexion deformity is present, it is articular surfaces are composed of ebur 
corrected as much as can be done without nated bone which will not grow together 
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Coibcquenll) arllirodcsii. in these joints is 
cpeciallj difncult and ‘should consist of 
both intra and extra articular metlioda and 
should not be undertaken except in rela 
tuelj joung and robust indixiduals Since 
an attempt is to be made to render the hip 
iliff there is no necessilj of retaining the 
ncr\e supply to the tensor fasoa femoris 
and the antenor portion of the gluteus 
medius mu'cle Consequently the «iide of 
the ilium can be approached through a 
lateral inasion abo\e the trodianter Like 
Rise an anterolateral incision avhich passes 
po tenor or lateral to the tensor fascia 
femoris may be used or the routine antero 
lateral incision of Smith Petersen may be 
Used 

I shall describe bneflv three methods 
Autogenous Bone Pegs (Fig 390) A 
lateral incision is made on the side of the 
pelvas extending from aboie the trochanter 
downward to about three inches below the 
base of the trochanter This is earned down 
to the femur the fascia above the trochanter 
IS «plit in a vertical line and the fibers of 
the gluteus mediite muscle are separated 
down to the side of the ilium Then the 
in-ertion of this muscle into the upper end 
of the femur is dissected free on either 
side of the trochanter to free the upper end 
of the femur and permit retraction of raus 
cles forward and backward to expose the 
^ fi/ tie tlium and the upper portion of 
the hip joint 

The capsule of the joint is then opened 
and a large square section which includes 
the superior portion of the cotyloid ligament 
IS removed In this way the upper surface of 
th** neck of the femur and the superior por 
tion of the joint are exposed With an 
^leotome the articular surfaces of the 
^ur and of the ilium m the upper part 
^ joint are removed and this area is 
picked uiih bone chips Two drill holes 
a one-quarter inch drill are mide 
“the trochanter and extending along 
inf femur 

° e ihijn acetabulum 
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Into these holes are driven two autogenous 
grafts removed from the tibia and approxi 
mately one quarter of an inch in diameter 
the •^uarc pegs fitting tightly into the 
round hole These grafts project into the 
ilium approximately one half of an inch 
The space betu een the grafts and the upper 
end of the femur at the side of the ilium is 
filled vnlh bone chips which are removed 
from the ilium The grafts are inserted 
while the hip is held m a position of abduc 
tion to IS or 20“ 

The wound is then closed m layers and 
the extremity is immobilized m a plaster 
of pans spica At the end of four weeks if 
the plaster has become loose it is removed 
and the wound is dre«sed and a skin tight 
pica is applied I have found that this 
operation can be performed with consider 
ably less ‘‘hock than can the operations 
through the anterolateral route and m my 
hands it has been more successful 

Method of Ghormiev (Fig 391) The 
hip IS approached through the anterolateral 
incision of Smith Petersen the patient lying 
on the side with a sandbag under the hip 
and one under the knee so that the thigh 
IS slightly adducted and slightly flexed The 
inasion is made over the crest of the ilium 
beginning about one third of the way back 
and extending forward to the anterior su 
penor «pme At this point it turns down 
ward afong the anterofateraf surface of the 
thigh between the sartonus and tensor 
fascia femoris muscles The incision is car 
Tied down between these muscles to tlie 
anterior inferior 'jpme of the ilium Then 
the periosteum along the crest of the ilium 
ts cut and the anterior portions of the 
gluteus medius and minimus muscles and 
the tensor fasaa femoris are elevated sub 
penosteally from the lUum Likewise the 
sartonus is elevated from the anterior su 
penor spine and the iliacus muscle is sub 
penosteally stripped from the inner side of 
the pelvis m the region adjacent to the 
anterior superior ‘‘pine The incision is then 
earned down to the hip the capsule of 
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the h>p joint IS opened and the articular maintained in order not to displace the 
surfaces are denuded of cartilage graft 

The superior surface of the neck of the After the iround is clo'ed the sandbag is 
femur and the side of the ilium are bared gently removed, the patient (alread> upon a 
of penosteum, and a groove is cut in the fracture table) is placed upon his back, and 
side of the pelvis extending through the nm a plaster of pans spica is applied nhich 
of the acetabulum and a similar groove is extends from the toes to the nipples and 
cut in the superior surface of the neck of maintains the limb in a position of moderate 
the femur Then a large triangular piece abduction At the end of from Itto to four 
of bone including the anterior superior weeks this should be removed, the wound 
«pme and the adjacent portions of the ihum, dressed, and a new skm tight plaster applied 



Fic 391 [Lejt) Gbormley hip arthrodesis Potted hoe in (A) shows portion of ihac 
crest to be remov^ for use as graft, opening m capsule, and extent of trench for graft 
(AO reprc'cnts extent of trench 'een from above (B) and (B') «how placing of graft 
completed 

Fio 392 {Right) L Episcopo bone block for hip (A) vbows trench (a) for rec^tion 
of graft into ilium (c) above acetabulum It slopes upward Graft may be removed as 
designated by (a) or (b) (B) sbona operation completed Graft u put in with hip in 
adduction and is long enough to prevent abduction b^ond neutral 

IS so cut that Its edges fit into Ihe^e two in order to secure more efficient immofaihxa 
grooves when the hip is in the desired posi lion This is worn for at least three months, 
tion The hip is then adducted The large At the end of this time it is removed, and if 
free graft from the ilium is placed in the union is quite solid the patient may begin 
groove m the acetabular nm and the hip is to exerase the knee in bed If union is not 
abducted to bring it in place m the groove "^lid, the «pica should be replaced for six 
in the femoral neck The ‘space in the joint weeks longer soon as the hmb is sufli 
and around the graft is then packed with aently strong and solid, the patient may 
bone chips and the wound is closed m lajen, get up on crutches vrhich can be discarded 
heav-j sutures being necessary to hold the as soon as the leg is strong enough to me 
large muscle flaps in position The'C are without them 

parsed through the deep fasoa and the Watson Jo’^ts Method This method is 
ongms of the tensor fasaa femons and u ed e<pcaally for patients with malum 
sartonus are brought together over the de coxae senilis In patients who are good sur 
nudedbone While the wound is being closed gical nsks an intra articular arthrodesis is 
the position of the leg must be carefullj first performed Ihcn from 10 to 14 daj> 
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laler a large Smith Petersen nail made of 
3 mm steel and being IS mm wide and 
from to S}4 inches long is used to fix 
the hip In patients v,ho are not good surgi 
cal risks— that is, patients who are over 60 
years of age— Watson Jones has immobi 
lized tlie hip joint by the use of the nail 
alone without postoperative support The 
technic of the insertion of the nail is as 
follows 

/\ny adduction deformity is corrected if 
necessary, by tenotomy of the adductors, 
and the rotation deformity, if present, is 
corrected as much as possible The patient 
IS placed on the table with the malleoli 
touching— that is with the leg straight— 
and if shortening is present only the mini 
mum degree of abduction necessary to cor 
rect the shortening is used The hip is not 
deliberately flexed A two inch incision is 
made o\er the shaft of the femur, the center 
of the incision being just below the distal 
margin of the greater trochanter A strong 
guide wire is inserted along the axis of the 
neck and x rays are made in two planes 
Ihc wire should he precisely in the middle 
of the neck, m the lateral view and in the 
anteroposterior view it should traverse the 
neck m sudi a line that it will emerge m 
Ihc roof of the acetabulum and point at the 
lower part of the sacroiliac joint If the 
wire is not in satisfactory position, other 
Wires are inserted and new x rays are made 
unJd a ivire is obtained »hich is in satis 
factory position Then the long nail is driven 
home parallel with the wire and a cross pm 
IS inserted through its head to prevent is 
placement The nail should pass through the 
head of the femur and extend into the ilium 
for a distance of one inch or more 

Wter TBE.^TiiENT If there is any sus 
picion of splitting of the head of the femur, 
a short plaster of pans spica is applied for 
the first few weeks Otherwise, no plaster is 
used and the patient is permitted to be up 
from within ten days to two weeks after the 
operation and discards his crutches as soon 
as he IS able to do so 


Bone Block of L’Episcopo for Painful 
Hip (Fig 392) With the patient lying flat 
upon the table near the edge, the hip is 
exposed by the Smith Petersen inasion as 
described under arthrodesis of the hip — 
Ghorniley (p 4SS) 

If there is considerable new bone present 
at the upper margin of the acetabulum a 
curved graft is taken along the natural 
curve of the ilmm, starting just behind the 
anterior superior spine and going backward 
until the desired length can be removed 
The graft should be one and one half inches 
wide and should be sufficiently long to reach 
from a slot m the side of the ilium to the 
trochanteric fossa when the hip is in the 
neutral position The graft should include 
the cortex and some of the cancellous por 
tion of the ihum , tliat is, it should be fairly 
heavy 

Preliminary to taking the graft, a slot is 
cut in the side of the ihum and its superior 
nurgin is undercut and lifted up so that 
the end of the graft will fit under the flap 
of bone Then ibe measurement from the 
depth of this slot to the fossa at the base 
of the trochanter is taken This is the length 
of the graft After the graft has been cut the 
thigh IS adducted, one end of the graft is 
slipped under the slot, and the other end is 
placed between the fossa m the trochanter 
and the neck of the femur Then the femur 
IS abducted to the neutral position, thus 
/amming the graft into the slot and imping 
mg It against the fossa mesial to the 
trochanter The wound is then closed and 
the hip IS immobilized in the neutral posi 
tion m plaster of pans which extends from 
the nipple line to the toes on the affected 
side This cast is left on for from six to 
eight weeks when it is changed to a short 
spica and the patient allowed to walk with 
crutches Complete weight bearing is per 
nutted as soon as x ray examination shows 
union of the grafts to the ilium, usually in 
from 10 to 12 weeks after the operation 
Acetabuloplasty (Smith - Petersen) 
(Fig 393) The incision begins over the 


JOINT INFECTION AND ARTHRITIS 


458 

anterior crest of the ilium and extends for 
i\ard to the anterior superior 'pine It is 
then curved dowm\ard along the lateral 
border of the sartorius muscle, for a dis 
tance of about four inches The incision 
down the thigh is carried between the 
lateral border of the sartonus and the tensor 
fascia femons muscles through the deep 
fascia to expose the anterior inferior ‘jptne 
The inasion along the crest is earned down 


ward When the anterior margin of the 
acetabulum and the anterior portion of the 
capsule of the hip are exposed the tendon of 
the rectus muscle is detached by a Z ten 
otomy on the flat, and reflected downward 
Then, with a large osteotome a section of the 
antenor and superior w all of the acetabulum 
IS removed The wide osteotome is placed 
against the lip of the acetabulum and 
parallel to the neck of the femur with the 



Fig 395 {Lejt, boxed) South Petersen acelabuloplasty 
Fig 394 (Rtght) Fascial arthroplasty of hip (\) Osteotome 
defimtioQ of propo'ed joint line, (B) curved osteotome or gouge 
definition of head outline, (C) reaming of acetabulum and rounding 
of head by Alurpby male and female instruments, (D) fascial cn 
velope about head, (E) suture o! fascial envelope to tissues about 
acetabular rim before reducing bead 


to the bone and the anterior portion of the 
gluteus raedius stripped from the bone sub 
periosteally to expose the lateral surface of 
the ilium and to permit retraction of the 
lateral side of the wound The sartonus is 
detached from its origin at the anterior 
superior spine and reflected inward subpen 
osteally with the adjacent portion of the 
iliacus muscle from the inner surface of the 
ilium 

rhe incision is deepened to espo«e the 
hip joint, the iltacus being retracted m 


inner edge pointing into the pelvis and 
dnvea directly through the superior bp of 
the acetabulum Then the tendon of the 
jhopsoas muscle is retracted inward and the 
Osteotome is placed as close to this as pos i 
We and obUquely to the lip of the acetabu 
lum and again driven through the margin 
of the acetabulum mlo the hip joint These 
two cuts join to detach this large section 
of the acetabular rim, which includes part 
of the anterior wail and of the roof of the 
acetabulum This heavy section of bone is 
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reflected outward, being still attached to 
the capsule of the hip joint The portion of 
the capsule of the joint to which it is at 
tichcd IS excised a triangular section being 
remoNcd The movement of the hip is then 


layers using heavy silk or chromic catgut 
without drainage No immobilization is nec 
essary The patient is placed in bed for two 
weeks, usually with the leg abducted and a 
pillow under the knee At the end of this 



Fio 393 Smith Petersen cup arthroplasty Prclmuaary 
steps are similar except for special instruments to fascial 
arthroplasty (Fig 394) (A) Denuded iliac crest (b) de 
nuded anterior superior «pine — these are bared by (C) sub 
periosteal reflection of iliacus and (D) subperiosteal 
reflection of gluteus tensor and sartonus (£) cut attach 
ment of rectus (F) retraction of iliacus and adductors 
(G) reflection of cut rectus Head is shown with cup applied 
ready to be slipped into reamed out acetabulum As much 
capsule as possible has been resected Insert (a) shows rela 
tive sizes of head cup and acetabulum Cup must move 
freely on head and in acetabulum Insert (b) shows design 
of serrations on Smith Petersen reamer allowing clearance 
for bone dust Insert (c) shows design of ^ptxtal chisels 
used by Smith Petersen to form head and acetabulum 
Double curve approximates de»ired surface contours 

tested and if flexion and internal rotation time the sutures are removed and the pa 
are still restricted more of the superior or pent is gotten up on crutches and begins 
anterior portion of the margin of the ace to exercise the limb 
tabulum is removed Other tlian exercise no after treatment is 

No attempt is made to cloijc the capsule neccssar> 
of the hip The tendon of the rectus femoris Arthroplasty of Hip (Campbell) (Fig 
IS sutured and the wound is cloacd la 394) Tlie jomt is exposed through the an 
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terolateral masion of Smith Petersen {See 
p 458 ] 

If the line of fusion between the bead of 
the femur and the acetabulum can be identi- 
fied, this IS used as a line of cleavage If 
this cannot be identified the line of cleavage 
IS chosen one fourth of an inch above what 
IS believed to be the margin of the acetabu- 
lum, and a large ilurphy gouge or a large 
woodcarver’s gouge is dnven directly mto 
the side of the ilium at right angles to the 
surface of the bone for a distance of one 
and one half inches The gouge is then 
brought forward and driven into the bone 
and pushed backward and dnven into the 
bone to separate the head of the femur from 
the ilium By adduction and external ro- 
tation and prying with a large woodcarver’s 
gouge, the head of the femur is separated 
from ilium and hip is dislocated by forcible 
adduction and external rotation 

As the head of the femur is dislocated, 
any adhesions on its postenor surface may 
be cut with scissors or with a knife How- 
ever, as little soft tissue as possible is 
stripped up from the neck of the femur in 
order to conserve its blood supply Any con 
tracted soft tissue structures are cut or re 
laxed in order to provide motion, that is, 
if necessary, the sartonus is cut and also 
the adductors may be divided Then the 
head of the femur is delivered into the 
wound by strong adduction and external 
rotation of the hip The head is tnmmed 
down with an osteotome until it is roughly 
its normal size It is then smoothed either 
with a "Murphy female reamer or with a 
shoemaker’s rasp Likewise, with a large 
ivoodcarvers gouge the acetabulum is re- 
shaped and enlarged until it is fairly round 
and smooth It is then smoothed with a 
hlurphy male reamer until it conforms to 
the head of the femur 

The hip IS now reduced From the lateral 
surface of the thigh on the same side a strip 
of fascia from six to eight inches m length, 
and approxmiately four mches in breadth, 
is removed throu^ a long lateral incision 


This wound is closed, the hip is again dis- 
located, the joint IS carefully wiped out, 
and any particles of loose bone m the 
wound are removed The strip of fascia 
with Its rough surface against the bone is 
then laid ov er the neck of the femur and one 
end of the strip is sutured around the su 
penor portion of the neck of the femur dose 
to the head The strip is then reflected over 
the head and its middle portion is sutured 
to the posterior portion of the neck of the 
femur or to its adjacent soft tissues The 
free end of the strip is then brought fonvard 
and folded over the head, and the head of 
the femur is reduced mto the acetabulum 
The free end of the strip, thus lining the 
acetabulum, is «moothed out as well as 
possible and sutured around the margin 
of the acetabulum either to the soft tissues 
or to the bone 

The wound is then dosed m layers, and 
the extremity is immobilized in a large 
smgle plaster-of pans «pica in a position 
of moderate abduction Campbell places 
strips of adhesive on the leg and applies 
from 10 to 20 pounds of traction to the 
extremity in the «pica, which has been ap- 
plied over a thick cotton padding so that 
the traction may actively pull the leg down 
vnthiD the plaster This spica and the trac 
Uon are left on for ten days, at the end of 
which time the plaster is bivalved from the 
ankle to the crest of the ilium to permit 
flexion of the hip By means of a shng and 
pulley attached to an overhead bar the pa 
tient begins to carry out passive and active 
cxerases These movements are increased as 
tenderness subsides and active motion is 
begun as soon as possible 

After from four to six weeks the spica is 
removed and the patient is permitted to 
walk with crutches, but he should he m bed 
part of the time m the posterior portion 
of the cast m order to insure abduction of 
the hip and to prevent any tendency to- 
ward flexion deformity The crutches are 
ointinued for from three to four months 
or until the patient is able to get along 
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without them, the progress of the condt dislocated by strong adduction and external 


lion of the bone being followed by x ray 
The crutches are discarded when the bone 
becomes sufficiently dense to bear waght 
witliout support, or when the patient is 
able to get along without them 
The exercises should continue for at least 
a jear 

Cup Arthroplasty (Smith Petersen) 
(I ig 395) The incision begins on the crest 
of the ilium about two inches behind the 
anterior superior spine, extends forward 
along the crest to the anterior spine and 
then downward and inward along the outer 
border of the sartonus muscle The ina 
Sion along the crest is extended down to 
the bone and the tensor fascia femons and 
the anterior portion of the gluteus medms 
muscles are stripped up The incision is then 
deepened down along the anterior border of 
the ihum to the anterior inferior spine 
The sartonus muscle and the adjacent por 
tion of the iliacus muscle are separated from 
the anterior superior spine and the adja 
cent portion of the inner surface of the 
ilium aud arc reflected inward 

Ihc incision is then deepened to expose 
the upper portion of the rectus femoris 
muscle The origin of this muscle is de 
lached from the anterior inferior spine and 
is turned downward and fastened with a 
suture m the lower portion of the wound 
The soft tissues o\er the capsule of the 
hip are rctnoved by sharp dissection and 
the capsule is opened by a 1 incision to 
txi>ose the junction of the head of the femur 
and the acetabulum A hrge woodcarvers 
gou^e or a special gouge is then dnven into 
the line between the head of Uie femur and 
the acetabulum being driven vertically m 
ward for a distance of about one and one 
naif inches Ihe gouge is tlien removed and 
the 'epantion between the head of the 
femur and Uie ilium is continued until the 
head has been loosened from its ankylosis 
by prjing with the gouge and adduction 
and external rotation of the femur, the 
head is separated from the acetabulum and 


rotation ot tne iimu 

After the head of the femur has been de 
livered into the wound, it is smoothed with 
an osteotome or gouge and is then further 
smoothed with a female Murphy rasp or 
with a woodcarvers rasp With a curved 
gouge the acetabulum is then shaped to fit 
the head and with a male rasp its surfaces 
are smoothed Then a vitallium cup is fitted 
over the head of the femur, there being 



Fig 396 Jones pseudarthrosis for 
fixed hip (A) shows bone to be re 
moved, leaving glutei attached to tro- 
chanter fragment, (B) shows trochanter 
fragment screwed on to stump of neck, 
interposing a muscular pad between 
shaft and neck Psoas ihacus acts on 
shaft 

several sizes of cups available, and the head 
IS reduced into the acetabulum The ace- 
tabulum should be sufficiently deep so that 
(he head and the cup sink well into the 
socket The origin of the rectus muscle is 
then resutured to the soft tissues m the 
region of the anterior inferior spine and 
the wound is closed in lajers The after 
Ireatmeni is the same as has been described 
in Campbells procedure 
Jones s Pseudarthrosis of Hip for 
Bony Ankylosis (Fig 396) A six inch 
longitudinal incision is made over the lateral 
surface of the thigh, the incision beginning 
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just above the greater trochanter and ex 
tending downward The incision is carried 
directly down the side of the femur, cut 
ting through the deep fascia and the upper 
portion of the vastus lateralis muscle The 
trochanter of the femur is exposed and 
IS cut across at the base with a broad chisel 
or osteotome, the gluteal muscles being left 
intact The severed trochanter is then re 
fleeted upward The tissues are stripped 
from either side of the upper portion of 
the femur and the shaft of the femur is 
divided transversely just above the lesser 
trochanter This division may be made with 
a Gigh saw or with an osteotome Then the 
neck of the femur is divided at n^t angles 
to its long axis, in order to separate the 
thickened portion of the bone which makes 
up base of the trochanter, base of the neck, 
and upper portion of the shaft 
The trochanter is then brought down 
ward and inward and is placed in contact 
with the stump of the neck of the femur, 
and IS fastened with a stainless steel nail 
or screw The proximal portion of the shaft 
of the femur, including the lesser troeban 
ter, IS then displaced mesially under the 
stump of the neck and the attached troeban 
ter thus interposing the attached muscles 
between the bead and the shaft of the 
femur, to produce the pseudarlhrosis The 
leg is immobilized for two weeks in a posi 
tion of moderate abduction and flexion 
and m a neutral position as regards rota 
tion, by a plaster-o( pans spica which ex 
tends from the mpple line to the toes At 
the end of this time, the plaster is bivalved, 
and gentle movement is begun At the end 
of four weeks as muscle power begins to 
increase, the patient may begin to walk 
with a Thomas caliper brace and crutdies 
continuing for at least six months 

OPERATIONS ON KNEE 
Synovectomy A skm inasion begins 
about three or four inches above the patella 
m the nudline It extends downward and 
inward to a point about one fourth of an 


inch opposite the upper border of the pa 
tella From this point it courses downward 
and slightly mesial to the margm of the 
patella to its lower pole where the incision 
turns outward toward the tibial tubercle 
and is carried down to this point [See 
Chapter 38 for inasion illustration — Ed] 
The masion is carried directly down through 
the fasaa to expose the capsule of the joint 
and the quadriceps tendon The quadriceps 
tendon is split just mesial to its nudline, 
the incision is continued through the quadn 
ceps hutsa, and is earned inward around 
the patella, downward along the medial 
border of the patella, through the capsule 
of the joint, toward the tibial tubercle to 
expose the fat pad 

After the quadriceps tendon and the cap- 
sule of the joint have been mused the 
synovial membrane is exposed m the 
depths of the wound This is stripped up 
from the lateral border of the capsule by 
blunt dissection to expose the lateral re 
flection on the side of the femur The 
dissection is earned upward m the quad 
riceps pouch and the synovial lining of 
this pouch IS stripped from the under 
lying soft tissues and pulled downward 
on the femur The sjnovial membrane is 
excised usually clObe to the margin of 
the patella, and the patella is slipped out 
word over the external coDd>le to expose 
the lateral portion of the joint The syno 
vial membrane which has been freed in 
the quadriceps region is then stripped 
from the lateral portion of the joint and 
from the sides of the femur by blunt dis 
section It is exused around the margins 
of the condyles and around the cartilage 
covenng the patella The fat pad with its 
synovial surface is then removed Atten 
tion IS next given to the lateral recesses 
of the joint, and as much of the synovial 
membrane as possible is removed from 
both the mesi^ and lateral recesses of 
the joint on the adjacent sides of the femur 
and ubia by sharp dissection The internal 
and exletnal semilunar cartilages, ate then 
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examined If they are frayed or diseased, 
they are removed Attention is now given 
to the cartilage covering the femur and 
the patella Areas of fibrosed and diseased 
cartilage are excised by sharp dissection 
to leave a smooth surface As a rule, the 
underlying bone is not cut away “Margi 
nal exostoses on the femur and the patella 
are removed with an osteotome the sur 
faces of the joint are thus made smooth, 
and free of diseased cartilage, and are 
reduced m size The tourniquet, if one has 
bten used is now removed and all vessels 
of importance are tied with fine silk The 
patella is now replaced Sufficient capsule 
should have been left along its border, 
so that the capsule and tendon can be 
sutured with medium silk The wound is 
dosed in layers 

;\ptcR theatmcnt The limb is immo 
bilized in extension m circular plaster of 
pans for ten days or two weeks At the 
end of this time the plaster is removed, 
and active movement is begun It is m 
creased as tolerated At the end of ap 
proximately three weeks the patient is 
gotten up on crutches, and begins to ex 
crcise the limb The crutches are con 
tinued until the patient can get along 
without them If fairly free motion is not 
present three weeks after the operation, 
the patient is anesthetized and the knee is 
gently flexed to 90® and then extended 
Revision of Knee Joint The joint is 
opened by the median parapatellar in 
usion ju«t described The patella is then 
displaced outward, over the lateral con 
(Ijle of the femur, to expose the articular 
surface By retraction, the margins of the 
condyles of the femur are exposed to in 
spection Large exostoses or osteophytes 
arc excised with a chisel or osteotome, 
leaving the articular margin of the femur 
relatively smooth Areas of ibickened, 
fibnllateU or degenerated cartilage are ex 
cised With a knife Ebumated bone is not 
disturbed i\ny loose bodies in the joint 
or any areas of marked thickening of the 
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synovial membrane are removed A total 
synovectomy is not attempted 

The patella is then turned over and its 
inferior surface is inspected If it is 
markedly thickened, approximately half 
of Its entire thickness is excised, and any 
overhanging margins on either side are 
removed with bone cutting forceps The 
articular surface of the patella is made 
smooth and a portion of the fat pad and 
of the adjacent tissue on either side is dis 
sected up to form a covering for the raw 
surface if the patella has been reduced in 
thickness The semilunar cartilages are in 
spected, and, if they are frayed or dis 
eased, both cartilages are removed A 
portion of the fat pad is excised if it is 
markedly thickened The patella is now 
replaced, and the capsule of the joint is 
closed with interrupted sutures of medium 
silk Subcutaneous tissues and skin are 
sutured with interrupted sutures of fine 
silk 

The limb is immobilized for two weeks 
m circular plaster of pans m full exten 
Sion If a tourniquet has been used this 
IS removed before the wound is closed and 
all bleeding vessels are bed Those inside 
the joint are bed with fine silk ligatures 
so that the joint is rendered as dry as 
possible before closure of the wound At 
the end of two weeks the plaster of pans 
IS removed and the patient begins to ex 
erase the knee In about another week he 
may begin to walk with crutches The 
crutches are gradually discarded as func 
bon returns If the knee is quite stifi 
three weeks after the operation it should 
be manipulated under general anesthesia 

Excision of Patella When performed 
m a patient with hypertrophic arthritis 
or with arthritis which has developed 
from an old fracture of the patella, this 
bone may be most conveniently excised 
through a midline inasion which begins 
above the superior border of the patella 
and extends directly downward over the 
patella and Uie patellar hgamcat It is 
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carried do\\n through the fibers of the The limb is thea immobilized m circular 
quadriceps tendon to the bone By sharp plaster of pans for a period of two weeks 
dissection the fibrous tissue on the an At the end of this lime the plaster is re 
tenor surface of the patella is dissected moved, and the patient may begin to exer 
back, on either side to e-?pose the anterior ase the leg At Uie end of another week he 
surface of the bone The attachment of the may get around on crutches These are dis 
quadriceps tendon above and on one side of carded as soon as sufiiaent power returns 
the patella is shelled free from the bone, the to pernut him to go vvithout them 
dissection being continued around its mar- Excision of Necrotic Cartilage The 
gm, care being taken to preserveas much of area of diseased cartilage is shaved evenlj 
the longitudinal structure of the capsule as off with a knife until smooth healthy tissue 
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Fro 297 Fic 398 

Fio 397 Three methods of transplant for recurrent dislocation of patella A bony block 
IS transplanted in each instance, and m one coincident overlap suture is performed on the 
medial aponeurotic expansion 

Fic 398 Quadriceps lengthening by Bennett method (A) Line of incision of tendon 
followed by Hexion of knee joint, with resultant <eparation of distal segment from proximal 
one (B ) method of suture m fiexion of separated tendon 

possible until the lower pole is reached is exposed. The wound is dosed m layers 
Then the attachment of the patellar hga with fine silk for the ■sjnovial membrane, 
ment is separated dose to the bone by sharp medium silk for the capsule, and fine silk 
dissection, and the section is continued up- for the subcutaneous tissues The limb is 
ward on the other side, <ieparating the mar- immobilized in a pillow splint or m a large 
gin of the patella from the capsule of the pressure bandage for about four days At 
joint and from the quadriceps tendon the end of this time the bandage is removed 
The interior of the joint is then inspected and replaced with an elastic bandage The 
and any pathologic changes which seem to patient may then begin to exercise the hmb 
warrant correction are attended to Large The amount of motion is increased grad 
osteophytes on the margins of the femur are ually, weight bearing is begun in a few days 
excised, as described vmdex vewsvon of the Operation for Slipping Patella (Fig 
knee joint The semilunar cartilages, if 397) There are numerous operations for 
markedly diseased, ate removed The mar- this condition The one whidi I prefer is 
gins of the aponeurosis which have covered that of Hitchcock It consists of Iransplanla 
the anterior surface of the patella are su tion downward and mward into the tibia of 
tured with interrupted sutures of fine silk a portion of the patellar ligament with its 
Fine silk vs also used for the subcutaneous attached bone 

tissues The skin IS closed with silk sutures Technic The incision begins on the 
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mesial side of the patellar ligament and ex 
tends don nn ard and mw ard to approach the 
mesial border of the tibia about three inches 
below the joint This is carried down 
through the fascn to expose the patellar 
lit,amcnt The lateral margin of the wound 
IS retracted to expose the tibial tubercle and 
the patellar ligament The patellar ligament 
IS «plit longitudinally down to the tibial 
tubercle With a thin osteotome the mesial 
half of the tibial tubercle is excised as a 
square block of bone approximately three 
quarters of an inch in width and approxi 
malely one inch long and about one third to 
one half of an inch thick This block is 
lifted out of Its bed with the attached half 
of the patellar ligament It is pulled down 
wird and inward toward the mesial border 
of tbe tibia as far as it will go with a mod 
erale amount of tension At this point in 
outline of a block of bone is made on the 
antcromcsial surface of the tibia and with 
a thin sharp osteotome The cortex of the 
tibia IS removed the block being approxi 
matcly the same size or slightly smaller 
tlian the block of bone removed from the 
tibial tubercle The latter is then hammered 
into the defect so created fitting sufficiently 
light so that It IS stable This results m re 
laxation of the remaining half of the patel 
lar tendon which is still attached to the 
tibial tubercle This is then pulled to the 
inner side and sutured with medium silk 
sutures to the margin of the transplanted 
inner half of the tendon closing the gap 
between the two portions of the tendon 
The subcutaneous tissues arc then closed 
with interrupted sutures of fine silk and the 
skin IS do ed with a continuous silk suture 
\ pla'iler of paria circular plaster is applied 
with the limb m full extension The plaster 
IS well padded It is not a walking cast It 
la left on for from three to four weeks At 
lliL end of this lime the plaster is removed 
and the patient begins to exercise the knee 
He may begin weioht bearing as soon as the 
I nee feels sufi ciently stable 'Movement is 
gradually increase 1 and crutches are dis 
carded as 'wn as the patient find* that he 


IS able to do without them satisfactorily 
Lengthening of Quadriceps Tendon 
(Bennett) (Fig 398) A straight longi 
tudinal incision begins at the junction of 
the middle and lower thirds of tbe thigh in 
the midltne on the anterior surface and ex 
tends directly downward to a point over the 
middle of the patella This incision is car 
Tied down through fasc a to expose the 
quadneeps tendon The soft tissues are re 
traded to either side and the quadriceps 
tendon is exposed by blunt dissection This 
tendon is then outlined and severed on either 
Side from its attachment to the vasti at its 
superior portion and is cut across by the V 
method the apex of the V pointing upward 
The lateral incision on each side extends en 
tirely through the tendon severing it from 
the muscle on either side down to the upper 
margin of the patella The quadriceps ten 
don can now be lifted out of tbe wound 
It IS usually staled that the knee can now 
be flexed without resistance \s a matter of 
fact however the strongest adhesions are 
usually found to consist of thickening of the 
joint capsule laterally on either side from 
the superior pole of (he patella binding this 
bone to the condyles of the femur Conse 
quently the incision must be earned down 
around the superior portion of the patella 
on either side and then laterally across the 
aponeuroses If there are any intra articular 
adhesions these should be severed The knee 
IS then flexed to approximately an angle of 
90® This movement pulls tbe tongue of the 
quadneeps tendon downward for a variable 
distance usually about two inches 
With the knee flexed the vastus lateralis 
and medialjs muscles are now joined above 
the tendon with interrupted sutures of silk 
The margins of these muscles are then su 
lured to the margins of the tendon on either 
Side, thus reconstructing tbe quadneeps ex 
tensor apparatus above the patella How 
ever it will be found that when the knee is 
flexed there is a gap of approximately one 
and one half to two indies on either side of 
the superior pole of the patella where the 
inosion was earned laterally across the ex 
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pansiODs This cannot he dosed entirely and 
there is therefore a dead space with the 
knee flexed I partially close it by splitting 
the adjacent portions of the vastus lateralis 
and medialis muscles and swinging a loose 
flap of musde tissue across to cover the 
opening m the joint cavity and to separate 
It from the deep fasaa The skin and fascia 
are then sutured with interrupted medium 
silk The limb is immobilized in a position 
of approximately 90“ flexion if this can be 
obtained without too great tension or less 
flexion if necessary in plaster of pans for 
two weeks At the end of this time the plas 
ter IS removed and active movement is 
begun and gradually increased The patient 
may be up on crutches m three or four 
weeks after the operation These are dis 
carded as soon as the patient is able to get 
along without them 

Popliteal Dissection or Posterior Cap 
sulotomy With the patient lying on his 
face an incision appcoxintately eight inches 
m length is made in the midline postenorly 
The level of the knee joint lies approxi 
mately at the junction of the middle and 
lower thirds of this incision It extends 
down to the deep fascia The superficial 
fascia IS dissected back on either side and 
retracted to expose the tendon of the biceps 
and the peroneal nerve laterall> and the 
inner hamstrings mesiallj The deep fasaa 
is then cut transversely including laterally 
the taut iliotibial band The tendon of the 
biceps is lengthened by the Z method The 
peroneal nerve which lies on the deeper 
aspect of tlie biceps tendon is freed from 
the tendon and is retracted In the mesial 
part of the popliteal space the prominent 
inner hamstrings are also lengthened by the 
Z method It is not necessary to repair these 
tendons by careful suture They are merely 
split longitudinally for about three inches 
and the two sides sectioned at different 
levels The ends are slid by and sutured 
with medium silk 

The incision is then deepened m the mid 
line, or slightly lateral to the niidlme be- 
tween the peroneal and the tibial nerves. 


through the deep fat to the region of the 
posterior capsule of the knee joint and the 
posterior surface of the lower end of femur 
The popliteal artery and vein lie superficial 
to these structures and are retracted to the 
inner side with the posterior tibial nerve 
and are not exposed m the wound The short 
branches from these vessels which pass 
through the posterior portion of the joint 
are ligated 

The mass of fat is pushed to either side 
using a gauze sponge on the operating 
finger to expose the posteiioi capsule of toe 
knee joint and the origins of the gastroc 
nemius muscle A transv erse mcision is made 
across the posterior capsule of the knee 
joint cutting the tendons of origin of the 
popUteus and of the gastrocnemius muscles. 
The knee is then gently straightened and 
the posterior cruaal ligament js cut under 
direct vision Care is taken not to straighten 
the knee too forably Otherwise the pos- 
terior Ubial or popliteal vessels and nerves 
may be injured The tendons having been 
sutured as they were divided, the wound is 
now closed by suturing the superfiaal and 
deep fasciae longitudinally with fine silk 
with continuous suture for the «km The 
limb IS immobilized in plaster of pans in a 
position of moderate extension for a penod 
of from ten days to two weeks At the end 
of this time, further straightening of the 
limb IS begun either by a wedging plaster 
or by traction As a rule I uae the wedging 
plaster as it is less troublesome and more 
comfortable to the patient It has the dis- 
advantage however that more time is re- 
quired later in restonng movement to the 
knee and power to the quadriceps muscles 
which have been stretched by the contrac 
tore 

WiLsof' s AIethod An inasion about five 
inches long is made over the lateral aspect 
of the knee extending from above the con 
dyles of the femur to the head of the fibula 
The iliotibial band is divided transversely 
two inches proximal to the joint The biceps 
tendon is isolated for a distance of four 
mdies from its insertion, and the peroneal 
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nerve is separated from its inner and deep 
surfaces The tendon is split and lengthened 
by the Z-plastic method The inasion is now 
earned down to the lateral condyle of the 
femur in its posterior portion, and the cap 
sule of the knee joint is incised at the pos 
tenor margin of the condyle With a perios- 
teal elevator the capsule is stripped upward 
from the posterior aspect of the femur for 
about three inches above the joint the outer 
head of the gastrocnemius muscle being cut 
across The stripping is continued toward 
the inner side of the femur 
A second incision is now made on the 
inner aspect of the lower thigh from a point 
just above the adductor tubercle to below 
the joint line This incision is earned 
through the deep fasaa to expose the pos 
teromesial aspect of the joint capsule The 
capsule IS incised along the posterior margin 
of the condyle of the femur through pen 
ostcum The mesial head of the gastroc 
nemius is severed from its attachment to 
the femur The capsule of the knee is 
stripped from the femur by blunt or sharp 
dissection with the periosteum 
The knee is now gently straightened If 
motion IS found to be restneted by the 
structures in the intercondylar notch, a 
piece of gauze is passed across the knee in 
the popliteal «pace and the soft tissues are 
retracted from the bone to expose the pos 
tenor portion of the joint The posterior 
crucial ligament and any other structures 
limiting extension of the knee are divided 
by sharp dissection The knee is now gently 
extended, the peroneal nerve being closely 
watched If this is unduly taut, it is freed 
down to and around the head of the fibula 
With ns much extension ns can be obtained 
without undue tension, the divided ends of 
the biceps femons muscle are now sutured 
together The wounds are closed in layers, 
using medium silk for the deep fascia and 
fine silk for the subcutaneous tissues and 
continuous sutures for the skin The knee is 
now immobilized in plaster of pans in mod 
crate extension, care being taken to avoid 
undue tension At the end of two weeks fur- 


ther extension may be gamed either by trac- 
tion in Buck’s extension or by means of a 
wedging plaster ,In some instances, a long 
brace which maintains extension while walk- 
ing, but permits flexion while sitting, is 
worn In most instances a night splint, or a 
bivalved plaster mold at night, is worn for 
several months m order to prevent recur 
rence of the deformity This is not applied, 
however, until the maximum amount of ex 
tension is obtained, either by traction or by 
means of a wedging plaster 
Supracondylar Osteotomy of Femur 
for Flexion Contracture A straight m 
cision on the lateral side of the knee just 
anterior to the iliotibial band is carried 
down to the bone The deep fascia is split 
longitudinally, and the iliotibial band is 
divided transversely The tissues on the 
lateral side of the thigh are retracted to ex 
pose the tendon of the biceps femons rous 
cle The lower four inches of this muscle 
and tendon are exposed and freed from the 
peroneal nerve which lies close to the pos 
teromesial aspect of the muscle The tendon 
IS then split and lengthened by the Z 
method Tbe lateral surface of tlie femur 
just above the condyles is exposed, the pen 
osteum IS split longitudinally and stripped 
to expose tbe entire lateral and posterior 
surface A drill one-fourth of an inch in 
diameter is then passed directly through the 
bone at a point opposite the adductor tu 
bercle and about one third of the distance 
between the anterior and posterior surface 
of the bone— that is, closer to the anterior 
aspect This drill, after it passes through the 
bone, can be palpated in the mesial aspect 
of the thigh It IS left m situ and a short 
inasion about four inches long is made on 
the mesial aspect of the thigh with its cen 
ter just below the drill point This is carried 
down through the muscles and periosteum 
to exptse the mesial aspect of the femur 
A smaller drill, approximately one-eighth 
to three sixteenths of an inch in diameter, 
IS passed directly through the femur near 
Its posterior surface, approximately one 
inch distal to the preceding drill If de- 
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sired, one or more drill holes of «similar 
diameter may be made in the line connect 
mg this with the first drill hole A third 
small drill is passed directly throng the 
femur from side to side as close as possible 
to its anterior cortex and approximately 
one half an inch distal to the hrst dnl) I\ith 
a thin, sharp osteotome the«e drill holes are 
then connected on either side and the inci- 
sion IS carried directly across the anterior 
and posterior surfaces of the femur There 
IS thus formed a V shaped osteotomy of the 
femur nith the opening of the V upward 
The flexed knee is then gently straightened 
without undue tension and the subcutane- 
ous tissues and skm are dosed with silk A 
plaster of pans spica is then applied with 
the knee m as much extension as can be 
obtained without undue tension, care being 
taken to watch the circulation of the foot 
The plaster is well padded o\er the front of 
the knee and oxer the heel At the end of 
from ten days to two weeks the plaster can 
be cut across posteriorly at the knee, the 
anterior portion being left attached is a 
hinge, and the knee can be gently wedged 
until as much straightening os is desired is 
obtained If the surgeon prefers a curxed 
osteotomy of the femur may be performed, 
either by means of multiple drill boles which 
are joined by cutting the intervening bone 
with a thin osteotome or it may be made 
by means of a narrow saw or a curved 
osteotome Fostoperafiv e x rajs are U'^rf to 
control the position of the fragments If the 
position is not satisfactory, it is corrected 
by wedging the plaster The plaster is left 
on for approximately ten weeks At the end 
of this time it is removed, and the patient 
may begin to exercise the leg without 
weight bearing At the end of two weeks the 
patient is gotten out of bed, and vreight 
bearing is begun with crutches Crutches are 
continued until the hmb is strong enough 
to do without them 

Supracondylar Osteotomy for Lateral 
Deviation (Genu Varum or Genu Val- 
gum) The femur is exposed from the lat- 
eral aspect, from the mesial aspect, or from 


both In the case of an adult the control of 
the fragments, and the correction of the 
defonmty after the bone is cut, may be a 
rather difficult procedure It is usually ad 
visable to obtain the correction by the re- 
moval of a suitable wedge The size of the 
wedge can be determined by Iraang the 
bones of the hmb m an anteroposterior 
xray, and then cutting the tracing across 
at the point of the proposed osteotomy On 
straightening the tracing the amount of 
overlap will determine the size of wedge 
to be removed m order to cottccI the de- 
formity 

The wedge should be removed from the 
lateral side to correct genu varum (bow 
legs) The incision 15 made on the lateral 
side of the low er thigh and extends directly 
downward The iliotibial band is split and 
(he mcision is earned down to the femur, 
splitting the lower portion of the vastus 
lateralis muscle in line with its fibers The 
periosteum is «plit longitudmallj, and is 
stnpped up on either «ide for a distance of 
about three inches The osteotomy is per 
formed through the cancellous bone just 
above the condj]e& where the bone is fairly 
wide— that is, at approximatelj the level of 
the adductor tuberde 

The amount of bone to be removed m the 
wedge having been calculated, a thin os- 
teotome IS driven through the cortex, and 
the second cut is made above or below this 
to ouffine tfie wed^e The two cuts are car 
ned directly through the bone, removnng a 
wedge of approximately the size determined 
by the measurement Small, thin osteotomes 
are used and the cortex is followed around 
When the inner cortex is almost completely 
divided the remaining portion of the bone 
is broken by forably bending the leg in a 
direction awaj from the wedge, that is, if 
the lateral wedge is being removed for the 
correction of bowlegs, the bowleg deformilj 
IS increased in order to break the bone 
Then the leg is bent outward to correct the 
deformity bj bringing the two margins 0 / 
the weilge together In the case of an adult 
it IS well to bore small boles through each 
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fragment and fix the Uo edges together 
^\jih loops of stainless steel wire This will 
not be sufiicient to maintain the correction 
of the deformity, but \\ill pre\cnt upward 
or downward displacement of fragments 

Ihc limb IS immobilized m a plaster-of- 
pans spica winch gels a firm grip on the 
pelvis and extends to the toes The extremity 
IS m a position of slight overcorrection Tlie 
plaster is left on for a period of from eight 
to 12 weeks The postoperative position is 
checked by x ray If it is found to be un- 
satisfactory It IS corrected by wedging the 
plaster When union is judged to be suffi- 
ciently firm, the plaster is removed and the 
patient may begin to exercise the limb in 
bed About two weeks after removal of the 
piaster Uic patient may be gotten up on 
crutches, and may begin to bear some weight 
on the leg The crutches arc discarded as 
soon as the bone is strong enough 

In similar operations m children it is 
usually sicisfactory simply to cut the bone 
across and to correct the deformity by bend 
mg the leg inward or outward os the cose 
may be, tlius opening a defect on the con- 
cave side of the deformity In clutdren tins 
defect IS rapidly filled with bone If the 
surgeon desires, the defect may be partially 
filled with bone cliips removed from the 
adjacent portion of the cortex 

Osteotomy of Tibia and Fibula for 
Correction of Lateral Deviation In in 
stances in winch the knock knee or bowleg 
deformity is principally m the tibia and 
fibula, It IS aUvi‘<ible to perform the opera 
lion below the knee 

If the deformity is a knock knee deform- 
ity, a relatively hrge wedge is removed 
from Ihc tibia, ihis wedge having a wide 
base in order Uiat the bone may be sliort- 
cned sufiicicntly to correct the deformity 
Through an incision about four inches long 
on the inner aspect of the leg at a point 
opposite the tibial tubercle, the tibia is cut 
across with an oatcolome, two sections being 
made at approximately the distance apart 
to permit correction of the deformity /\s a 
rule It IS not necessary to perform an os- 


teotomy of the fibula However, if, after 
removal of the wedge from the tibia, the 
defornuty cannot be readily corrected, an 
metston about two inches long is made over 
the head and neck of the fibula The pero 
neal nerve is identified and retracted pos- 
teriorly Then the fibula is cut obliquely 
from without inward and downward, thus 
avoiding injury to the nerve and avoiding 
placing excess callus or rough Lone beneath 
the point where the nerve curves around the 
neck of the fibula 

For the correction of a bowleg deformity, 
a simple transverse section of the libia is 
made through an incision about four inches 
Jong on the anleromesial aspect of the leg 
Care m driving the osteotome through the 
outer cortex of the libia should be taken, 
not to injure the anterior tibial artery In 
cutting the posterior cortex of the tibia the 
penoslcum is stripped up and the tissues 
are held away from the bone and protected 
with a spatula or other instrument while 
the cortex is cut with a thm, narrow osteo- 
tome The upper portion of the fibula is 
then exposed through a lateral incision ap- 
proximately two inches long which begins 
just above the head of the bone and extends 
direcUy downward This incision is carried 
through the deep fascia The peroneal nerve 
IS identified and retracted posteriorly 
Eitlier with an osteotome or with heavy 
bone cutting forceps a small transverse sec- 
tion IS removed from the fibula after the 
periosteum has been split longitudinally and 
stripped up from the bone This section per- 
mits shortening of the fibula and as the leg 
IS bent outward to correct the deformity the 
two ends of the bone come together, or the 
fibula may be cut obliquely and the ends 
overlapped 

The wound is closed m layers with in- 
terrupted sutures of fine silk and the skin 
IS closed with continuous silk sutures If 
jagged bone is m juxtaposition to the per- 
oneal nerve a small bit of fat or of soft 
tJSsue in the vicinity is placed under the 
nerve between it and the bone The de- 
formity is sbghtly ovcrcorrccted m either 
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the varus or valgus direction and plaster of 
pans IS applied which extends from the 
groin to the toes The position is checked 
postoperatuely by xraj If it is found to 
be unsatisfactory, the deformity is cor 
reeled by wedging the plaster The plaster 
should remain on for eight weeks At the 
end of this time it can be removed and the 
patient may begin to exercise the leg He 
may be gotten up on crutches about two 
weeks after removal of the plaster The 
crutches are continued until the leg is strong 
enough to bear weight without them 
Arthrodesis of Knee [See also Chapters 
1 aad W \ TVs* vs fAx 

formed under a tourniquet A U incision is 
used It begins over the mesial condyle of 
the femur at approximately the middle of 
the patella or at its upper border It is 
curved downward and outward to cross the 
patellar ligament at approximately the joint 
line, and then curves outward and upward 
to a point opposite its origin It is carried 
directly through the deep fascia and joint 
capsule the patellar bgament being cut 
across m the line of the incision The patel 
lar ligament and cap»ule are then reflected 
upward extrasynov tally, and the synovia is 
separated by sharp dissection up to the 
margin of the patella It is then cut through 
around the lower margin of the patella and 
the patella is reflected upward The dis- 
section of the synovia is continued around 
the margin of the patella until its upper 
portion IS free It is then pulled downward 
and dissected free from the femur, being cut 
loose around the margins of the articular 
surface and as far down as possible on either 
side of the joint beneath the external and 
internal lateral ligaments The entire sjmo 
vial membrane and fat pad are thus re 
moved from the front and sides of the joint 
The uiee is then flexed and with a hand 
saw the lowei end of the femoral condyles 
is cut squarely across, the cut corre''pond 
mg with the angle at which an arthrodesis 
IS desired that is, square across for ar 
throdesis with a straight knee or inchned 
shghtly backward and upward for arthro- 


desis with slight flexion Since it is not poasi 
ble to continue the saw cut to the posterior 
margin of tlie condyle, it is contmued as far 
back as possible, and then fini&bed with a 
thin osteotome, the rounded ends of the 
condyles being removed \\^ith an osteotome 
the cartilage is then removed from the front 
and from the posterior portion of the con 
dyles of the femur The semilunar cartilages 
are removed by sharp dissection and the 
crucial ligaments are cut across 
With a saw, a thin section of the upper 
end of the tibia is removed as far back as 
possible, and is then finisbed with a thm 
osteotome to remove the articular surface 
of the tibia The sjiiovial membrane lining 
the posterior capsule of the joint is then 
removed b> sharp dissection The ends of 
the bone are fitted carefully together It js 
desirable that they fit neatly, and that, 
when they are approximated, the leg be lo 
the desired position, that is either straight 
or shgbtly flexed The cartilage is then re 
moved from the deep surface of the patella, 
either with a saw or with an osteotome 
Through a straight longitudinal incision 
a broad bone peg is then cut with a motor 
saw from the anteromesial surface of the 
tibia of the same leg This peg should be 
approximately five inches long, and is 
bluntly pointed at either end It should be 
approximately a half an inch wide After it 
removed, the margin of the slot from 
which the peg was removed should be 
notched by cutting up shvers of bone from 
the margin, which curve inward to fill in the 
defect A rather thick osteotome approxi 
mately one inch wide is then driv en directly 
upward in the center of the end of the femur 
for a distance of approximately two inches 
The thick pointed bone peg is then driven 
into the hole A similar osteotome is driven 
downward through the upper surface of the 
tibia The leg is then mampulated so that 
the point of the bone graft which is pro- 
jecting from the end of the femur is inserted 
into the hole m the upper end of the Ubia. 
Py pushing the ends of the bones together, 
the central autogenous graft tends to hold 
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the ends of the bone in place The •noumi is 
now closed with interrupted sutures, using 
heavy silk for the capaule and fine silk for 
the subcutaneous tissues and a continuous 
silk suture for the skin 

The limb is inunobilized m a plaster of 
pans spica, which must be left on for at 
least two months At the end of this time 
the plaster is removed The stability of the 
limb is tested If it is not found sufficiently 
stable, a skin tight circular plaster is ap 
plied The patient may begin to bear weight 
in this plaster if the arthrodesis has not 
been performed for tuberculosis In certain 
instances where a plaster-of pans "^pica 
IS not desirable, adequate filiation can be 
obtained by passing a Kirschner wire 
through the femur at the junction of its mid 
die and lower thirds This wire is drilled 
through the bone after the arthrodesing 
operation has been completed It is allowed 
tu project on either side, and a circular 
plaster is applied over it with the limb held 
m the desired position After the pbster 
has set, a Kirschner bow is applied to hold 
the wire taut This will firmly fix the plaster 
to the femur, and will give sufficient im 
mobilization to secure union without the 
necessity of a spica to include the hip In 
oUier instances where positive pressure is 
desired, a second wire is passed through the 
upper third of the tibia and the two are 
pulled together, and incorporated m the 
plaster cast 

Method op R N Hatt Halt has used a 
method similar to the above except that m 
stead of driving the peg into the femur and 
Uien impaling the tibia upon it he cuts his 
hone peg from the upper portion of the 
crest of the tibia and drives the peg directly 
Uirough the upper end of the tibia from 
below upward into the femur I have not 
Used this method, but believe that it may 
have certain advantages over the method 
described above Hatt has also «hown by 
extensive clinical experience, that the aulog 
enous bone peg may be driven through the 
tpiphjses m children with relative safely 
and Will not interfere with growth Prior 


to the publication of Hatt s paper, I had 
u«ed the method only in adults 
Arthroplasty of Knee (Campbell) 
(Fig 399) The masion begins over iho 
mesial border of the quadriceps tendon 
about <i\ inches above the knee It is car 
ned vertically downward, and then inward 
around the median margin of the patella 
then downward and outward to i point op 



Fic 399 Knee arthroplasty (alter 
Campbell) (A) Separation of patella 
(B) bone to be excised to produce single 
rounded condyle (C) completed ex 
cision (C lateral view) (D) femur 
and tibia covered by fi'-cial sheet, pa 
tella covered by fatly tissue reflected 
from below (D ) 


posile the libial tubercle The quadriceps 
tendon is then «plit m its lower portion near 
the median border to juat above the patella 
This incision through the tendon and cap- 
sule IS curved inward around the patella to 
a point opposite the tibial tubercle, and is 
earned through the synovial membrane 
down to bone 

Hjc union between the patella and the 
femur is then divided with a chisel and 
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the varus or valgus direction and plaster of 
pans IS applied which extends from the 
groin to the toes The position is checked 
postoperatively by x ray If it is found to 
be unsatisfactory, the deformity is cor 
rected by wedging the plaster The plaster 
should remain on for eight weeks At the 
end of this time it can be removed and the 
patient may begin to exercise the leg He 
may be gotten up on crutches about two 
weeks after removal of the plaster The 
crutches are continued until the leg is strong 
enough to bear weight without them 
Arthrodesis of Knee [See aLo Chapters 
7 and 14^ The operation is usuatty per 
formed under a tourniquet A U incision is 
used It begins over the mesial condyle of 
the femur at approximately the middle of 
the patella or at its upper border It u> 
curved downward and outward to cross the 
patellar ligament at approximately the joint 
line, and then curves outward and upward 
to a point opposite its origin It is earned 
directly through the deep fascia and joint 
capsule the patellar ligament being cut 
across in the line of the incision The patel 
lar ligament and capsule ace then reflected 
upward extrasynovially, and the synovia is 
separated by sharp ^ssection up to the 
margin of the patella. It is then cut through 
around the lower margin of the patella and 
the patella is reflected upward The dis 
section of the synovia is continued around 
the margm of the patella until its upjjef 
portion IS free It is then pulled downward 
and dissected free from the femur, being cut 
loose around the margins of the articular 
surface and as far down as possible on either 
side of the joint beneath the external and 
internal lateral ligaments The entire syno- 
vial membrane and fat pad are thus re 
mov ed from the front and sides of the joint 
The uiee is then flexed and with a hand 
saw the lonei end of the femoral condyles 
IS cut squarely across, the cut correspond 
ing with the angle at which an arthrodesis 
IS desired, that is, square across for ar 
ihrodesis with a straight knee or incIio»l 
shghtly backward and upward for arthro- 


d^ts with slight flexion Sme^ it is not possi 
ble to continue the saw cut to the posterior 
niargin of the condyle, it is continued as far 
back as possible, and then finished with a 
thin osteotome, the rounded ends of the 
condyles being remoied With an osteotome 
the cartilage is then removed from the front 
and from the po»tenor portion of the con 
dyles of the femur The semilunar cartilages 
flic removed by sharp dissection and the 
crucial hgaments are cut across 

With a saw, a thin <iectiQn of the upper 
end of the tibia is removed as far back as 
possible, and is then iimshed with a thin 
ostefttome to remove the articular surface 
of the ubia The synovial membrane Iming 
the posterior capsule of the joint is then 
removed by sharp dissection The ends of 
the bone are fllted carefully together It is 
desirable that they fit neatly, and that 
when they are approximated, the leg be in 
the desired position, that is, either straight 
or slightly flexed The cartilage is then re 
moved from the deep surface of the patella 
either with a saw or with an osteotome. 

Through a straight longitudinal incision 
a broad bone peg is then cut with a motor 
saw from the anleromesial surface of the 
tibia of the same leg This peg should be 
approximately five mches long, and is 
bluntly pointed at either end It should be 
approximately a half an inch wide After it 
IS removed, the margin of the slot from 
which the peg was removed should be 
notched by cutting up slivers of bone from 
the margin, which curve inward to fill in the 
defect A rather thick osteotome approxi 
mately one inch wide is then driven directly 
upward in the center of the end of the femur 
for a distance of approximately two inches 
The thick pointed bone peg is then driven 
into the hole A similar osteotome is driven 
downward through the upper surface of the 
tibia The leg is then manipulated so that 
the point of the bone graft which is pro- 
jecting from the end of the femur is inserted 
into the hole in the upper end of the ubia. 
By pushing the ends of the bones together, 
the central autogenous graft tends to hold 
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(he ends of the bone m place The wound 
now closed with interrupted sutures, using 
heavy silk for the capsule and fine silk for 
the subcutaneous tissues and a continuous 
silk suture for the skin 
The limb is immobilized m a plaster of 
pans spica, which must be left on for at 
least two months At the end of this time 
the plaster is removed The stability of the 
hmb IS tested If it is not found sufficiently 
stable, a skin light circular plaster is ap 
plied The patient may begin to bear weight 
in this plaster if the arthrodesis has not 
been performed for tuberculosis In certain 
instances where a plaster of pans spica 
IS not desirable, adequate fixation can be 
obtained by passing a Kirschner wire 
through the femur at the junction of its mid 
die and lower thirds This wire is drilled 
Uirough the bone after the arthrodesing 
operation has been completed It is allowed 
to project on either side, and a circular 
plaster is applied over iC with the limb held 
m the desired position After the plaster 
has set, a Kirschner bow is applied to hold 
Uie wire taut This will firmly fix the plaster 
to the femur and will give sufncient im 
mobilization to secure union without the 
ncccssitj of a spica to include the hip In 
oilier instances where positive pressure is 
desired, a second wire is passed through the 
upper third of the Ubia and the two are 
pulled together, and incorporated in the 
plaster cast 

Method OF R N H\tt Halt has used a 
method similar to the abov e except that in 
stead of driving the peg into the femur and 
then impaling the tibia upon it he cuts his 
bone peg from the upper portion of the 
crest of the tibia and drives the peg directly 
through the upper end of the tibia from 
below upward into the femur I have not 
used this method, but believe that it may 
have certain advantages over the method 
described above Halt has also shown, by 
extensive cbnical experience, that the autog 
enous bone peg may be driven through the 
tpiphjses in children with relative safety 
and Will not interfere with growth Pnor 


to the publication of Halt’s paper, I bad 
used the method only m adults 
Arthroplasty of Knee (Campbell) 
(Fig 399) The incision begins over the 
mesial border of the quadriceps tendon 
about six inches above the knee It is car 
tied vertically downward, and then inward 
around the median margin of the patella, 
then downward and outward to a point op 



Fic 399 Knee arthroplasty (after 
Campbell) (A) Separation of patella 
(B) bone to be excised to produce single 
rounded condyle (C) completed ex 
cision (C' lateral view) (D) femur 
and tibia covered by fascial sheet pa 
tella covered by fatty tissue reflected 
from below (D ) 

posite the tibial tubercle The quadriceps 
tendon is then split m its lower portion near 
the median border to just above the patella 
This incision through the tendon and cap- 
sule IS curved inward around the patella to 
a point opposite the tibial tubercle, and is 
earned through the synovial membrane 
down to bone 

The union between the patella and the 
femur is then divided with a chisel and 
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the patella is reflected outward, freeing any 
adhesions between the soft tissues on the 
lateral side of the joint and the bone These 
tissues are remo% ed by ^harp dissection so 
that a free exposure of the anterior portion 
of the femur and of the bony union between 
the femur and the tibia is obtained Then, 
with a thin, broad osteotome the femur is 
divided from the tibia, care being taken not 
to injure the tissues posterior to the joint 
in the popliteal space The knee is gradually 
flexed and the posterior portions of the con 
dyle of the femur are removed, obhleralmg 
the intercondylar notch and permitting full 
flexion The loner extremity of the femur 
is then rounded from above dotvnnard and 
before backward forming one large condyle 
with a square bonzontal end and a rela 
lively narrow edge Only enough bone is rc 
moved to reach cancellous bone between the 
condyles, the larger portion of the bone 
being removed from the posterior surface 

The upper extremity of the tibia is now 
cut square across With a woodcarver’s 
chisel or a wide gouge this surface is made 
slightly concave from before backward, 
forming a large shallow cavity for the ar 
ticulation with the single condyle of the 
femur After excision of bone, manual trac- 
tion on the libia should produce a space 
approximately one half of an inch wide be 
tween the ends of the tibia and the femur 
iSo attempt is made to reproduce the «pinc 
of the tibia or the intercondylar notch of 
the femur The median and lateral Iiga 
meats are protected from injury during the 
procedure, and as little separation of the 
soft tissues from the bone is done as possi 
ble, so as not to interfere with the blood 
supply to the bone The bony surfaces are 
then approximated and the alignment of the 
extremity is observed If varus or valgus is 
present, additional bone is removed from 
the surface of the femur, until a perfectly 
square end is formed Valgus is to be es 
pecially avoided 

A good portion of the patella is now re- 
moved, leaving only a thin layer of the an 
tenor portion of the bone The lateral 


inaigins of the patella are trimmed for one- 
fourth of an inch to allow the flbers along 
the edges to pull backward on the posterior 
surface All osseous surfaces arc smoothed 
with a wood file or rasp, and every particle 
of loose hone is removed from the joint 
The mass of fat just below the patella on 
the posterior aspect of the patellar tendon 
IS used to fold over the patella which has 
been greatly reduced m size This is cut 
from below upward to form a pedicle flap 
which IS stitched to the fatty tissue at the 
superior margin of the patella, the “synovial 
and capsular tissue on either edge being 
drawn forward so that raw bone is covered 
with soft tissue 

A Jong masion is now made on the outer 
side of the oppo-iie tbi^ to permit the re- 
moval of a piece of fascia lata from eight 
to ten inches long and from four to five 
inches wide It is important that the skm 
incision be made only through the skin, 
otherwise a cut m the deep fascia may be 
made at a point which is to be the central 
portion of the free transplant This traib 
plant is removed by sharp diiuection and 
IS folded with its smooth surface— that is, 
Its deep surface— inward It is applied to 
the raw surface of the bone so that the outer 
(rough) surface of the graft is in contact 
with the caw bone One end of the trans 
plant IS anchored to the antenor border of 
the tibia It is then folded back into the 
joint and anchored to the posterior border of 
the tibia or to the tissues just behind it It 
is then carried up behind the posterior bor 
der of the femur in the posterior part of the 
joint and anchored m this area, and then its 
free end is brought forward and folded over 
the mfenor and anterior surfaces of the 
femur The margins of the fascial transplant 
are sutured with No 0 chromic catgut to 
hold it m position, thus forming a double 
lining for the joint covering all of the bone 
surfaces, except that of the patella which 
has been covered with the fat transplant 
from below 

\\ ilh the limb straight, the wound is then 
closed m layers and a plastcr-of pans spica 
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applied extending from the toes to the 
loner rilx? or the extremity may be itn 
mobilized in a Thomas splint m moderate 
traction No mo\enient is permitted in the 
joint until the nound has entirely healed 
Vclivc tensing of the quadriceps muscle 
however is encouraged after the first week 
\t the end of about two weeks movement is 
begun If the limb has been immobilized in 
plaster of pans this is removed and the 
limb IS suspended in a Thomas splint which 
wi]l permit movement of the knee If the 
limb has been treated by traction this may 
be released at intervals during the day and 
the patient may begin to move the Jnce 
with a sling and pulley to pull up the knee 
It IS important not to force movement m 
the early period after an arUiroplasty In a 
lower extremity stability is a good deal 
more important than is movement and m> 
poor results have been those with excessive 
movement but with msufiicient stability 
Conscqutnllj I incivase movement very 
slowly over a p''nod of months I never ex 
pcct to gel more than 70 to 80® movement 
and believe that this gives a more satisfac 
lorj cml result than does a knee with more 
motion and less stability 
Excision of Baker s Cyst of Knee With 
the patient in the prone portion an inci 
Sion approximilely «ix indies long is made 
m the midlme of the popliteal space or 
shghtlv to the median side of the midlinc 
with the center of the incvsiou dircctlv over 
the most prominent portion of the cyst It 
is c Uriel down through the deep fascia 
care being taken not to cut the lateral 
cutaneous nerve which lies on the outer side 
of the incision \ftcr the deep fascia is in 
ciscd the dome of the evst can be exposed 
b> blunt dissection It is dii ected free from 
the fat on either vide care being taken to 
avoid rupturing it If it is ruptured the site 
of the rupture clampid shut m order that 
the oiUirt cyst may be removed U will be 
found that the cyst originates either in the 
niiglilwrliood of one of the tendons of origin 
of Uie gastrocnemius muscle on the outer 
or inner side of the knee ('sometimes in a 


bursa between the inner head and the vemi 
roembranosus tendon), or it may originate 
from the posterior part of live knee joint 
In cither instance the pedicle of Uie cyst 
IS ligated and an attempt is made to re> 
move its entire wall In <onie instances the 
wall IS very thin and rupture is unavoidable 
The wound is closed m layers and a pressure 
bandage is applied for a few days No «pe 
cial after treatment is necessary 

Excision of Internal Semilunar Carti 
lage If the diagnosis is certain the internal 
semilunar cartilage is best excised by a 
small oblique incision or by the J shaped 
incision of Jones I prefer the incision ivbicb 
slopes from above outward and downward 
toward the tibial tubercle \ large sandbag 
IS placed under the I nee and die table is 
brol en so that the leg hvngs over the edge 
of the table The patient is so draped that 
the leg can be manipulated freely The 
sandbag tends to push the tibia forward on 
the lower end of the femur The inasion is 
begun over the internal condyle of the 
femur about one and one half inches mesial 
to the lower end of the patella It is in 
cimed downward and inward to cross tlie 
joint at approximately the lateral border of 
the patellar fat pad and is earned to a point 
about one half of an inch below the joint 
line Care is taken to avoid injuring the 
infrapatellar branch of the saphenous nerve 
This nerve is large enough so Uiat it may 
be possible to identify it in the superficial 
tissues ]f It IS cut It may result in a pain 
ful neuroma later or it may result in anes 
thesia in the region of the (ibial tubercle 
which persists for several raontlis The nerve 
tends to he along the lower border of the 
joint line and is parallel with the upper 
border of Ubia 

The incision is carried through the deep 
fas la and the svnovial membrane to open 
the joint opposite Uie low er end of the inner 
condyle of the femur The lateral border 
of the fit pad IS then cut across to expose 
Uie jiilernal semilunar cartilage It is not 
possible through this incision to inspect the 
posterior portion of the cartilage Howev er, 
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regardless of the operative findings, the 
cartilage is removed as nearly completely 
as possible The anterior portion of the car 
tilage is freed by sharp dissection from the 
upper end of the tibia Then by sharp dis 
section the cartilage is cut anay from the 
capsule of the knee joint across the front of 
the tibia and around the lateral side as far 
back as possible A rather narrow retractor, 
approximately two inches long, is then 
placed in the joint between the cartilage 
and the internal lateral ligament and the 
cartilage is further dissected, using a knife 
curved on the flat if one is available The 
dissection is carried well back on the lateral 
side beyond the internal lateral ligament 
The cartilage is then grasped firmly with 
a pair of heavy toothed forceps and pulled 
outward so that it is snapped across the 
joint by tearing the posterior portion until 
It IS delivered between the condyles of the 
femur The patellar fat pad is then retracted 
to the outer side, and the cartilage is dis- 
sected free from its posterior attachment 
and removed [For further discussion of the 
use of this incision, see Chapter 38 —Ed J 
The operation is usually done without the 
application of a tourniquet and the vessels 
which are cut during the exposure are tied 
with fine silk The wound is closed m layers 
and a pressure bandage or pillow splint is 
applied for about four days At the end of 
this time the patient may begin to move 
the leg and may be up on crutches or pref 
erably a cane as soon as he is able to do 
so and the crutches ate discarded for a cane 
as soon as the patient is able to get along 
without tbeni After the sutures are removed 
—that is, in about eight days— the patient 
is given exerases to strengthen the quadn 
ceps muscles and these are continued until 
there is no need of further improvement 
Excision of External Semilunar Car 
tilage The operation is earned out in the 
same manner as described above, except 
that the inasion begins over the lateral 
condyle of the femur and is carried down 
ward and inward toward the tibial tubercle 
The after treatment is the same 


Li instances where it is advisable to re* 
move both cartilages, this may be done 
through the two anterior inasions as de- 
senbed above, or it may be done through 
the large median patellar incision such as 
that used for synovectomy and other ex 
tensive operations upon the knee or in ex 
tensive exploration of the anterior portion 
of the joint 

Operation for Removal of Cyst of Ex 
ternai CartiUge As a rule, cysts of the ex 
ternal cartilage occur quite far back on the 
lateral side of the joint so that a portion of 
the qrst may lie posterior to the external 
lateral ligament The cartilage may be con 
siderably thickened and enlarged as a result 
of the cystic degeneration Considerable dif 
Acuity IS encountered m removing the entire 
cartilage with the cyst through the an 
tenor inasion A lateral incision i» earned 
down through the skin and subcutaneous 
tissues and the anterior margin of the 
wound IS retracted forward A vertical in 
asioD anterior to the external lateral Iiga 
ment is made through the capsule of the 
joint and by sharp dissection the external 
semilunar cartilage in its anterior portion is 
dissectwl free from its anterior attachment 
to the tibia and to the capsule This dissec 
tion IS then continued backward along the 
margin of the cartilage until it is freed to 
a point posterior to the external lateral liga 
ment 

A second vertical incision is now made iii 
the capsule posterior to the lateral ligament 
and the posterior portion of the cartilage is 
freed behind the lateral ligament and 
around the posterior margin of the upper 
end of the tibia At this point the anterior 
end of the cartilage is pulled poslenorly 
under the ligament and delivered m the 
poslenor wound Then, vrliile traction is 
made on the cartilage, its posterior attach 
ment is cut from the tibia and the cartilage 
IS removed The wound is closed in layers 
and treated as described above m exasion 
of the semilunar cartilage 

In rare instances of a cyst of the internal 
semilunar cartilage the operation is per 
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fonnccl in the same manner on the inner 
side of the knee 

Repair of Internal Lateral Ligament 
of Knee Occasionally an arthritis is the 
result of an old injury ^\lth a relaxed m« 
lernal lateral ligament This is best repaired 
by means of re mforang the existing in 
lernal lateral ligament with fascia [See 
Chapter 3S ] 

Operation for Repair of External Lat- 
eral Ligament In rare instances where 
there is relaxation of the external lateral 
ligament, a similar operation may be per 
formed However, m this instance u is not 
necessary to drill a hole in the upper end of 
the tibia A lateral incision is made along 
the lateral side of the knee joint and a strip 
of fasaa is lifted from the iliotibial band 
approximately one inch wide This is then 
divided into two strips, each appraximately 
one half of an inch wide A tunnel is then 
made in the lateral condyle of the femur at 
approximately the point of attachment of 
the external lateral ligament This tunnel is 
made by making two drill boles through the 
cortex of the bone at an angle of about 45** 
so that they approach one another in the 
subcortical bone This tunnel ts enloiged 
with a curette and the strips of fascia are 
pulled through, usually with a loop of 
stainless steel wire one in each direction so 
that they overlap and are pulled taut and 
they are then sutured outside of the bone 
with interrupted sutures of medium or 
heavy silk The wound is then closed in 
la>ers, and the leg is immobilized in a 
plaster of pans cylinder cast for a penod 
of four weeks At the end of this time the 
plaster is removed and the patient may 
begin to bear weight upon the leg two 
Weeks after the removal of the plaster, but 
is provided with a ^hoe with the outer 
border of the heel elevated a quarter of an 
inch in an effort to relieve the external 
lateral ligament from strain 
Mauck Operation for Internal Lateral 
Ligament Relaxation. [Sec Chapter 3S 1 
Repair of Anterior Crucial Ligament 
[See Chapter 33 ] 


OPER^\TIONS ON ^\NKLE 
Lengthening of Tendo Achillis (Fig 
400) Witli the patient lying on his face a 
slightly curved incision is made along the 
mesial border of the tendo achilhs, its 
length depending upon the amount of 
lengthening which it is desired to obtain 
This mci'ion is curved from before back- 
ward so that when the posterior portion of 
tlie leg !s lengthened the incision will be 
siraight The incision is carried down to 
the tendon, its lower end approximating the 
posterior portion of the os calcis The 
peritendinous structures around the tendo 
achilhs are divided and the plantaris tendon 
cut across and permitted to retract 
The tendo aduUis is then freed by blunt 
dissection, and split longitudinally in ap 
proximalely its midlme The longitudinal 
splitting may be m either the frontal or 
the sagittal plane The distance through 
which it IS split depends upon the amount 
of lengthening desired If three inches of 
lengthening is desirable, the split ts four 
inches long A cut is then made transversely 
at either end of the split m opposite direc- 
tions, thus forming two half tendons which 
are permitted to slip by one another The 
foot IS now dorsiBcxed for the desired dts 
lance and when as much dorsiflexion as is 
desired is obtained the two limbs of the 
tendon are sutured together either with 
medium silk or with No 0 chromic catgut 
The peritendinous structures are sutured 
around the tendon with fine silk, the 
subcutaneous tissues with fine silk and the 
skin IS closed with a continued suture of 
silk Circular plaster of pans is applied 
with the foot m the fully corrected position 
If, after the tendo achilhs has been 
divided, It IS found that it is not possible to 
obtain as much dorsiflexion as is desired, 
the dissection is earned down through the 
poslenor fat tissues between the tendon 
and the ankle joint, the fascia being divided 
to expose the posterior capsule of the ankle 
joint The posterior tibial vessels and 
nerves arc retracted inward and the 
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poatfirior capsule of tie ankle joint is 
divided throughout its width This will 
usually permit full correction of the equinus 
deformity The plaster is left on for four 
weeks At the end of this time it is re 
moved and exercises may be begun, espe- 
aallj in dorsiflenon The patient may be 
permitted to be up and may begin to bear 
weight on the leg Full use is not permitted 
until about eight weeks after the operation 
Osteotomy of Ankle (Campbell) Oc 
casionally the ankle is ankjlosed with the 
foot in a position of equmus and if the 



Fic 400 (£e/0 Tenotomy for length 
enmg of Achilles tendon m lateral pime 
(A) and by an anteroposterior Z (B) 

Fio 401 {Right) Fu ion of ankle 
]omt by an anterior Midmg block from 
tibia into astragalus 

ankylosis has been due to arthritis the 
malleoh will be intact Campbell corrects 
such a deformity by an osteotomy directl> 
through the ankle joint, preserving the 
malleoli and taking as much bone as neces 
sary from the superior surface of the 
astragalus By thus preserving the moxi 
mum amount of bone contacts, stability and 
early fusion are assured An incision five 
mches long is made over the anterolateral 
aspect of the foot and ankle and earned 
down to the bone along the lateral side of 
the extensor tendons The joint is exposed 
subpenosteally, displaang the perireleum 
and overlying ti^ues mward and outward 
without injuring the tendons or the dorsalis 
artery, except its terminal branches After 
the lov\er end of the tibia and tlie supenor 
surface of the astragalus are exposed with 


a thin osteotome, a cunei/omi section of 
bone, with its base anterior, is removed 
through the site of the ankle joint ^\ith 
extreme deformity it may be necessary to 
lengthen the tendo achilhs in order to ob 
tarn sufiiaent correction The wedge of bone 
include part of the lower part of the tibia 
and part of the upper part of the astragalus 
between the malleoli The foot is then 
forcibly dorsifiexed into a position favor 
able for function— that is a position of 
approximately la® of equinus 
The wound is dosed m layers and the 
extremity is immobilized m plaster of pans 
which extends to the midlhigb Unless it is 
well padded the plaster should be split to 
provide for swelling At the end of three 
weeks this is removed, and a wtdking 
plaster which extends to the tibial tuberdc 
IS applied, and the patient mav begin to be 
up on crutches and to bear some weight on 
the leg At the end of eight weeks the 
plaster is removed and a «hoe is fitted 
Crutches are discarded os soon as the pa 
uent IS able to do without them 
Arthrodesis of Ankle (Fig 401) The 
masion begins about four inches above the 
ankle on the anterolateral a.pect of the 
leg It is earned downward and slightly m 
ward along the inner border of the extensor 
halluas longus tendon The inusion is 
deepened between this tendon and the 
tendons of the extensors of the other toes 
It IS carried down to the bone and an m 
cision IS made in the periosteum of the 
tibia and earned directly down across the 
ankle joint and the superior surface of the 
astragalus the short extensor muscles being 
reflected outward while the dorsalis pedis 
artery is reflected inward. Some branches 
of this artery may be cut in the lower por 
tion of the incision The bone is then ex 
posed subpenosteally, both on the dorsum 
of the astragalus and on the lower end of 
the tibia With a Ihm osteotome the cartilage 
on the lower end of the tibia and the inner 
Side of each malleolus and on the superior 
surface and sides of the body of the 
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astragalus js removed A slidmg bone graft 
IS then cut from the anterolateral surface of 
the lower portion of the tibia This graft 
<iliouId be about four uiclies long and ap 
projaraalely one half of an inch or more 
wide, being made as wide as the bone will 
permit It may be cut with an electric saw 
or with an o^eotome The graft is lifted up, 
and should include some of the cancellous 
portion of the lower end of the tibia A de 
pression is then made m llie superior sur 
face of the body and neck of the astragalus 
and after the foot is put in the desired posi 
tJon— tint is ippro\mntely 15“ of plantar 
flexion^the graft is driven down into the 
body of the astragalus and wedged into the 
groove m the tibn Bone chips are then re 
moved from the anterior surface of (he 
tibia and packed into the space between the 
astragalus and the malleoli on either side 
The wound is then closed m layers 
The foot 13 then immobilized m plaster 
of pans m a position of IS“ plantar flexion, 
the cast extending to the midthigb This 
phsler IS well padded It is left on for a 
period of approximately two weeks The 
sutures are removed, and a skin tight plaster 
IS applied If the arthrodesis has not been 
done for tuberculosis, this may be a walk 
ing plaster and the patient may begin to 
walk and bear some weight on the leg The 
second plaster should remain on for approx 
imately six weeks At the end of this time 
union should be fairly firm, and the plaster 
ma> be removed If not, another walking 
plaster should be applied for four weeks 
When this is removed, the patient may 
begin to bear weight upon the extremity 
The crutches are discarded when the pa 
ticnt IS able to get along without them 

OPERATIONS ON TOOT 
Triple Arthrodesis of Foot This opera 
tion includes fusion of the subaslraga 
loid, calcaneocuboid, and astragaloscaphoid 
joints {See Chapter 7 ] 

Dorsal wedge Operation This is a UaC 
ful operation for the correction of a cavais 


deformity of the foot m which subastraga 
Imd arthrodesis ii> not indicated If this 
arthrodesis is indicated, a triple arthrodesis 
can be used and the cavus corrected by re 
moving an excess of bone from the neck of 
the astragalus and cuboid and the anterior 
portion of the os calcis However, in cer- 
tain instances this combination is not de 
sirable particularly m ankylosis of the 
tarsal joint with a cavus deformity and with 
the heel in good position or m slight 
equinus [See Chapter 7 for tccbnic.~Ed j 
Steindlers Stripping Operation for 
Pes Cavus (Fig 402) A horizontal m 
cision is made on ihe inner aspect of the 
foot at (he junction of the sole and the skin 
on (he inner side of the foot and is carried 
forward approxinutcK ont and one half 
inches anterior to the tuberosity of the os 
calcis This incision is carried directly in 
ward, parallel to the «oIe to expose the 
under surface of the phniar fascia This is 
separated from the laver of fat of the sole 
and heel throughout its breadth The fa«cia 
IS then cleaned with a sponge and blunt 
dissector in order ihit it may be well de 
fined Then the inner edge of the fascia is 
freed by sharp dissection The plantar 
fascia IS cut from its origin or ailaclimcnt 
lo Ihe tuberosity of the os calcis Likewise, 
the muscles beneath the plantar fascia, 
which are attached to the os calcis, are also 
stripped from their origins on this bone 
It IS important that the dissection ex 
tend entirely across to the outer side of the 
os calcis and that all of the tissues which 
are attached to the os calcis and which cx 
(end forward to the forefoot be removed 
from the under surface of the bone This 
includes the long plantar ligament whicli ex 
tenet between (he o» calcis md Ihe cuboid 
If the dissection is kept dose to the bone, 
vessels and nerves will not be injured It is 
preferable lo usc sharp dissection, olhenvise 
0 !»leogcmc tiSsuc from the periosteum may 
be raised from the bone and cause new bone 
formation m the "ysle of the fool, and this 
may be painful 
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After the tissues bave been stripped from 
the Os calcis the foot is forably dorsiflexed 
The wound is then closed id lajers and a 
plaster of pans boot is applied which ex 
tends from the toes to the tibial tubercle 
and holds the foot in a position of dor^i 
flexion This is «orn for four weeks At 
the end of this time it ma> be remo\ed and 
the patient may begin to use a shoe He 
uses crutches only as long as nece^ry \n 
anterior metatarsal bar is placed across the 
sole of the shoe to help keep correction 


not ‘=purs, but broad thin shelf hke projec 
tions of bone which extend transiersely 
acn^ the heel, are removed It is important 
that they be removed entirely aaoss the 
tuberosity of the os calcis, and that, after 
their removal, the lower ^-urface of the os 
calas be left relatively smooth The sub- 
cutaneous tissues are then closed with fine 
silk, and the «kin vnth a continuous suture 
No plaster is necessary eight beanng is 
resumed in two weeks with a rubber pad in 
the heel of the shoe 



Fic 402 {Left) Steindler stripping of plantar fascia (A) Line of incuion on inner 
aspect of foot (B) Skin and sub^taoeou> tissues retracted and diasection of at tachm ent 
of muscles and fascia from bone begun 

Fig 403 (RigftO Split heel mcision of GaecisUa (A) Resultant ‘ buned «car Co) 
and (C) 
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portion of the plantar fascia Then, with 
a broad, thin osteotome the body and tu 
bcrosity of the os calcis are split longi- 
tudinally As the two halves of the bone are 
pried apart the subastragaloid and the cal- 
caneocuboid joints are opened 
If It IS desired to avoid the calcaneocu- 
boid joint, and to dram only the subastraga 
loid joint, the incision is carried directly 
downward in the midline of the foot In 
fected bone is removed with a gouge or 
curette, the cortical bone being left where 
possible The wound is packed open with 
vaseline gauze and the foot and ankle are 
immobilized in plaster of pans which ex- 
tends from the toes to the libial tubercle 
If desired, this incision may be earned for- 
wird to dram the nwdtarsal region, or the 
astragilus, if bidly diseased, may be re 
moved through the incision and the ankle 
joint may be thus drained 
Hallux Rigidus (See Chapter 5 ] 
Operation for Hammertoe (See Chap 
ter S ] 

Hoffman's Operation for Claw Toes 
A curved transverse incision is made across 
the sole of the foot just proximal to the 
commissure of the toes This is carried down 
through the deep fasen to the tendons, care 
being taken not to extend it too deeply and 
unnecessarily cut some of the nerves The 
tendons over each melalarsaJ head are then 
reflected and each metatarsal head is sep- 
arately exposed by opening the capsule and 
cutting the lateral ligaments on either side 
The metatarsal head is then excised with 
bone cutting forceps, enough of the neck 
being removed to permit release of the 
contracted tissues and free motion be 
tneen the bases of (he phalanges and the 
remainder of the metatarsal bone The 
wound is closed in laj ers , no postoperative 
fixation IS necessary This may be combined 
with the operation for hallux rigidus 
Excision of Sesamoids Occasionally 
one or both sc'iamoids j> persistently 
painful over a pcriofl of months or years 
and this may occur without fracture In 


such instances excision of the se^amold is 
warranted This can be accomplished 
through a small incision approximately one 
inch long on the mesial border of the foot 
opposite the sesamoid and near the plantar 
surface Tins incision is earned directly 
down to the bone and the ofiending bone is 
removed from the tendon by sharp dis ec 
tion If necessary, the ina«ion may be made 
slightly longer and deepened to remove il i 
lateral sesamoid alao The incision is closed 
in layers, no postoperative fixation is nee 
essary Weight bearing begins after stitches 
are removed, but the foot may remain 
tender for several weeks after the operation 

BIBLIOGRrVPHY 

Allison, N, and C K Coonsc Syntwccionn 
in chronic arthritis, Arch Siirg 18 824 
1929 

Campbell, Willis C Surgerv as an adjunct 
to the treatment of arthritis Radiology 
24 39$ 1935 

Fisher, A G Timbrcll The principles of 
orUiopacdic and surgicnl treatment in ihi. 
rheumatoid type of arthritis Jour Hone and 
Joint Surg 19 6s7, 1937 
Groves C W Hey Some contributions to the 
rcconsinicin c surKcry of the hip Brit. Jour 
Surg 14 4S6. 192G-1927 
Idem Surgical treatment of ostco arthritis of 
the hip Bnt 'MeiL Jour, 1 3, 1933 
Hoffimn Phil An operation for severe grades 
of contracted or efiwed toes Amcr Jour 
Orthop Surg, 9 441, 1911 1912 
McMurray, T P Ostco-arthrius of the hip 
jom^ Brit Jour burg, 22 756 1S>35 
Sliaitds A,R,Jr and M O Oates Alro 2 >hic 
mtl hypertrophic arthritis of the spine. 
South Med Jour 26 184 1933 
Smith Petersen, M N Treatment of malum 
coxae <;cniJis, old slipped uipcr femoral 
epiphysis, mirapclvic protrusion of the 
acetabulum, and coxa phna by means of 
xcctabuloplasty, Jour Pone and Joint Sorg^ 
18 869, 1936 

Swclt, P P A review of «jnovcctomj Jour 
Bone and Joint Surg , 20 6S, 193S. 

Wilson, P D Surgical rccoiistmcfion of the 
xrtlinuc cripple Med. Clin N Amcr 21 
1623, 1937 

Wilson, P D,andR U Osgood Reconstruc 
Uve sureeo m dironic arthritis New Eng 
land Jour Med, 209 117, 1933 



478 JOINT INFECTION AND ARTHRITIS 


After the tissues have been stripped from 
the Os calcis, the foot is forcibly dorsifiexed 
The wound is then dosed in layers and a 
plaster of pans boot is appbed whidi ex 
tends from the toes to the tibial tuberde 
and bolds the foot in a position of dorst 
flexion This is worn for four weeks At 
the end of this time it may be removed and 
the patient may begin to use a shoe He 
uses crutches only as long as necessary An 
anterior metatarsal bar is placed across, the 
sole of the shoe to help keep correction 


not «purs, but broad thin shelf like projec 
tions of bone which extend transversely 
across the heel, are removed It is important 
that they be removed entirely across the 
tuberosity of the os calcis, and that, after 
their removal, the lower surface of the os 
calcis be left relatively smooth The sub 
cutaneous tissues are then closed with fine 
silk, and the skm with a continuous suture 
No plaster is necessary \\^eight bearing is 
resumed m two weeks with a rubber pad m 
the heel of the shoe 



Fig 402 [Left) Steindler strippmg of plantar fascia (A) Line of mcision on inner 
aspect of foot (B) Skin and sub^taneous tissues retracted and dissection of attachment 
of muscles and fascia from bone begun 

Fig 403 [Right) Split heel incision of Gaeoslen (A) Resultant buried scar (B) 
and (C) 


Removal of Calcaneal Spurs An in 
cision on the inner side of the foot and ex 
tending forward about one and one half to 
two inches beyond the tuberosity of the os 
calcis is made at the junction of the skin 
of the sole with the normal skm on the 
inner side of the foot This is earned di 
rectly inward parallel to the sole to expo&e 
the under surface of the plantar fasoa The 
plantar fascia is then cut across trans 
versely severing it from its attachment to 
the tuberosity of the os calas With a sharp 
thin osteotome the 'purs which are really 


Caenslen’s Split heel Incision (Fig 
403) The patient is placed m the prone 
position with a large sandbag under the 
ankle The inasion begins in the midline 
over the lower portion of the tendo achillis 
near its attachment to the os calcis It is 
extended directly downward across the heel 
and then forward and slightly outward in 
line with the body of the os calcis until it 
IS over the under aspect of the calcaneocu 
bold joint The incision is earned directly 
down to the bone, sphtting the distal por 
tion of the tendo achilbs and the proximal 
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portion of the plantar fascia Then, with 
a broad, thm osteotome the body and tu 
bcrosity of the o» calcis are split longi 
tudinally As the tno hali es of the bone are 
pried apart the subastragaloid and the cal 
caneocuboid joints are opened 
If It IS desired to a\oid the calcaneocu 
bold joint and to drain only the subastraga 
loid joint the inasion is earned directly 
dowmiard in the niidhne of the foot In 
fccted bone is removed with a gouge or 
curette the cortical bone being left where 
possible The uound is packed open with 
vaseline gauze and the foot and ankle are 
immobilized m plaster of pans which ex 
tends from the toes to the tibial tubercle 
If desired this incision may be earned for 
ward to dram the midtarsal region or the 
astragalus if badly diseased may be re 
moved through the inasion and the ankle 
joint may be thus drained 

Hallux Rigidus [See Chapter 5 } 

Operation for Hammertoe (See Chap 
ter 5 ] 

Hoffmans Operation for Claw Toes 
\ curved transverse inasion is made across 
the sole of the foot just proximal to the 
commissure of the toes This is carried down 
through the deep fascia to the tendons care 
being taken not to extend it loo deeply and 
unnecessarily cut some of the nerves The 
tendons over each metatarsal head are then 
reflected and each metatarsal head is sep- 
arately exposed by opening the capsule and 
cutting the lateral ligaments on either side 
The metatarsal head is then excised with 
bone cutting forceps enough of the neck 
being removed to permit release of the 
contneted tissues and free motion be 
tween the bases of the phalanges and the 
remainder of the metatarsal bone The 
wound is closed m layers no postoperative 
fixation IS necessary This may be combined 
with the operation for hallux ngidus 
Excision of Sesamoids Occasionally 
one or both «esamoids is persistently 
painful over a period of months or years 
and this may occur without fracture In 


such instances excision of the sesamoid is 
warranted This can be accomplished 
through a small incision approximately one 
inch long on the mesial border of the foot 
opposite the sesamoid and near the plantar 
surface This incision is earned directly 
down to the bone and the offending bone is 
removed from the tendon by sharp dissec 
tion If necessary the inasion may be made 
slightly longer and deepened to remove the 
lateral sesamoid also The inasion is closed 
in layers no postoperative fixation is nec 
essary Weight bearing begins after stitches 
are removed, but the foot may remain 
tender for several weeks after the operation 
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Hematogenous Osteomyelitis 
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ACUTE FORM 

DeSnition Acute hematogenous osle- 
omjelitis may be defined as an inflamma 
tory process involving the marrow caviUes, 
the haversian canals, or the subperiosteal 
space of a bone, in which the bacteria re 
sponsible for the infiamniation are brought 
to and deposited within the bone by the 
blood stream This, of necessity, predisposes 
that the infecting organism first must have 
entered the arculation and contaminated 
the blood itself Therefore the osteomyelitis 
is preceded, m every case, by a baclerieroia 

The bactenemia however, is evident m 
only a few cases before the on<et of ih* 
osteomyelitis, as in those m which the bone 
involvement complicates certain types of 
endocarditis, tyTJhoid fever, or epidemic in 
flueoza 'More often the onset of the os 
teomyelitis is precipitate and appears with 
wut prodromal symptoms The preceding 
bactenemia m these cases is not recognized 
because of the absence of clinical signs, and, 
even after the onset of the o«teoraye]itis 
bacteria are not always demonstrable in the 
blood stream fay means of blood culture, as 
the organisms often appear to have left the 
blood stream before the patient comes under 
observation 

Because of this, it is believed that m some 
cases of hematogenous osteomyelitis the 
bactenemia responsible for the production 
of the lesion is transitory m character In 
these cases the surgeon has only the oa 
teomyelitis to deal with m his treatment 


On the other hand, the bactenemia con 
linues m the so-called fulminating type of 
ihe disease, giving the patient the over 
whelming symptoms of a «epticemia and 
endangering his life by the possible pro- 
duction of a pyemia Here a positive blood 
culture IS usually obtained, though nega 
Uve findings do not necessary rule out the 
presence of a bactenemia 

Fulminating Type of Disease The 
mortality m cases of acute hematogenous 
osteomyelitis occurs among these cases of 
the fulminating type Death of the patient 
IS almost always the result of the septi 
cemia or a supervening py emia It is seldom, 
if ever, directly due to the suppurative le 
Sion Within the bone 

P>Tah and Pam report autopsies in SI cases 
of indivicluala who had suficred from acute 
benutogenous osteomyelitis All showed py 
emic lesions in the ‘^oft parts or organs eiicept 
Sit cases which showed no lemons at aTl ^ In 
a report made by the author death occurred 
in 38 ca'^^ Of these, septicemia accounted 
for 19, pyemia for IS, endocarditu for 1, 
meningitis for 1 and chrome sep:3is for 2 

This knowledge has entirely altered ou 
concept of the condition and has, conse 
quently, changed our notions concerning the 
procedure that should be followed in the 
treatment of the patient 'suffering from the 
fulminating type of acute hematogenous oa 
teomyehtis In consequence, instead of fo 
cusmg our entire attention upon the 
elimination of the local lesion within the 
bone, as was done in the past, we now di- 
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rect our endeavors toward treatment de- 
signed to combat the blood stream infection 

1 raser, who m 1934 first drew attention 
10 the importance of the underlying con 
dttion, said 

A haenne infection of a bone presupposes 
that staphylococcal organisms are already cir 
culaiing in the blood stream and that their 
localization in the bone is but a local mam 
festatJon of the general disturbance To 
the surgeon the local infection has been the 
important item in the clinical picture it 
is upon this that ht has concentrated Ins 
ingenuity and his skill but la it right that 
Hc should agard the local focus as a most 
deplorable ind regrettable manifestation^ 
There is «ULh a thing as a fixation ab ccas — 
nature s melh d of producing a dcfensixe area 
from which the factors of immunity are or 
ganized and developed The prognosis is 
improved if we have the courage to delay 
operation until the focus la reasonably well 
established and having chosen the most op 
portuoe time to restrict the operation to one 
involving the minimum of interference and yet 
«bciiring drainage and relief of tension'’ 

Rolterlson who formerly strongly ad 
vocaied early operation notv agrees with 
Traier, expressing his views as follows 

Recently the writer has felt tint an early 
operation gives no help to tlie patient The 
problem in an early case is one of combating 
a blood stream infection dealing with the 
toxins and organisms that are present, and 
until wimc approach to an equilibrium has 
been reached, surgery, m so far as incision of 
a local lesion goes has nothing to offer When 
the condition has reached a point where pus is 
present, then a simple drainage may be of 
advantage® 

Another factor of importance in regard to 
treatment of hemic infections of bone, which 
has become of great moment since the ad 
vent of chemotherapy, is the early recogm 
lion of Uie tvpe and strain of the bacteria 
rt. ponsiblc for the disease m the particular 
ixtticnt under treatment This information 
IS necessary not only m order that the 
proper drug may be prescribed at the car 
iicst possible opportunity, but also so that 
the procedure of treatment may be modi 
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fled m order to adapt it to the behavior of 
the organism producing the disease 

It IS well known that different types and 
even different strains of bacteria causing in 
flammatory reactions in the tissues of the 
body act differently and provoke dissimilar 
reactions in the body Consequently the pro 
cedure of treatment should be planned so 
as to be the most efficacious for combating 
the specific type and strain of bacteria that 
may be the cause of the condition in the 
particular case under consideration It is 
well known that the Staphylococcus aureus 
which fs respofisihle hr 85 pec cent of the 
cases of acute hematogenous osteomyelitis 
when deposited at a point of fixation by 
the blood stream, causes a rapidly localiz 
mg mdammation which soon breaks down 
and forms an abscess The inflammation 
resulting from the fixation of the strepto 
coccus IS diffused like a cellulitis it is slow 
m localizing and often may not localize at 
all though a lesion may be demonstrable 
wiilnn the bone by means of the x ray 

Robertson in discussing this point, 
writes 

There i» very little similarity between the 
two conditions and unless we make a clear 
cut distinction between staphylococcal osteo 
myelitis and streptococcal osleomyeiitis there 
cannot be any clear understanding of the sero 
logical problems that enter into the treatment 
U IS Useless from the standpoint of treatment 
to group all cases of osteomyelitis and to con 
sider the mortality of the whole group These 
disea'^ are entirely different in their clinical 
numfcstations ® 

Though Robertson is writing in reference 
to the use of serologic therapy, the same 
argument is valid whether chemotherapy, 
operative Irealmenl, complete immobihza 
lioa of the involved part, or a combination 
of these methods is used Procedures must 
be modified to conform to the indications 
prc'enled by the reactions of the body to- 
ward the particular type or strain of bac- 
tena that may be present in the case under 
treatment if success is to be achieved It is 
quite evident that all ca^s of acute os- 
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teomjelitis cannot be treated alike if due 
to different types or strains of bacteria 
Hence, it is of the utmost importance that 
the type of organism causing the osteomyeli 
tis in each particular case he disco\ered at 
the earliest possible time in the course of 
the disease Its nature may be already 
known because of a definite condition pre 
ceding the osteomj elitis, such as Ij^phoid 
•ever or a streptococcus pneumonia follow- 
ing influenza or it ma> be strongly sus 
pected when the oateomjeUos follows a 
streptococcus tonsillitis or perhaps a furun- 
culosis due to the Staphylococcus aureus 
More often however, the type of in 
fecting organism can be ascertained only 
by means of a thorough investigation of 
the particular patient under observation 
The blood culture is of the greatest help, 
if It happens to be positive, but even then 
this takes time Smears and cultures may 
be obtained perhaps, from a superficial 
abscess, from the exudate m a distended 
joint, or even from an abscess in the <oft 
parts overl>ing the focus m the bone An 
opinion as to the type of involving or 
ganism often ma> be reached, m a large 
number of cases long before the report 
from a culture is received, by analyzing 
the facts obtained from the clinical his 
lory and physical examination of the 
patient If no smear is available, the pro 
cedure to be followed is based on the 
clinical indications as to the probability 
of the infection being of streptococcal or 
staphylococcal origin This cause should 
be followed until, and if, the culture re 
suits indicate the need for change 
Treatment The treatment of the ful 
minating type of the di«.ease resolves it- 
self, therefore, (1) into combating the 
blood stream infection, and (2) into car- 
ing for and healing the local lesion m the 
bone It must be remembered always that 
a general pjemia or a metastatic abscess 
involving one of the vital organs of the 
body may be present m addition to the 
osteom>elitis These more serious compli- 


cations must be diagnosed and treated as 
well as the local lesion To combat and 
overcome the septicemia from the very 
onset, in order to prevent the development 
of further pjemic abscesses, is absolutely 
essential, especially <ince they may involve 
some vital organ and cause the death of 
the patient 

In order to accomplish this, the general 
resistance of the body must be improved, 
the factors that have to do with immunity 
must be stimulated, so that bacterial tox 
ms may he neutralized, and the organ 
isms that may be arculating m the blood 
stream must be destroyed and thcrebj pre- 
vented from being depoMled at new points 
m bone, soft parts, or viscera to form new 
foci None of this can be accomplished by 
attempting to eliminate the focus witbn 
the bone, as was formerly quite generall> 
advised, and as is still advised in some 
quartets A great deal of harm may be 
done, as a matter of fact, for the lesion is 
the result of the bactenemia and should 
be considered as a point of fixation from 
which, as Fraser says, "the factors of im 
muQity axe orgamzed and developed 

If ^is be true, as is now quite widely 
believed, imprudent operative intervention 
accomplishes nothing and surely does harm 
It not onl> destroys the local resistance 
of the tissues and disseminates the bac 
lena contained within the focus through 
out the body via the blood stream, but it 
also brings to naught nature’s method of 
combating the general infection by estab- 
lishing points of bacterial fixation, from 
which the factors of immunity are de- 
veloped by the tissues about them It is 
therefore believed by many of those who 
have had much expenence in treating hemic 
infecUons, espeaally those due to the 
staphylococcus, that the bone lesion in 
the acute phase of hematogenous osteo- 
myelitis should be allowed to form and 
to develop into a well localized abscess 
before it is subjected to the traumatiza- 
tion of operation The local lesion should 
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m fact be protected in e%ery way ajjoinst 
the slightest irritalion and, therefore, the 
part containing the m\ol\ed bone should 
be completely immobilized The surgeon 
should at all times bear m mind that the 
final elimination of the blood stream m 
fecuon rests largely with the bodily resist 
ance of the patient and that all that he 
can accomplish is to assist nature by help- 
ing to build up the factors of immunity or 
to lessen the resistive powers of the in 
feeling organism Nothing should be done, 
therefore, which may lessen or hamper na 
lures fight to overcome the bacteria that 
are circulating in the blood stream An iH 
advised operative procedure performed at 
a time before the defenses of the body 
have the infection under control severely 
hampers natures efforts 
[111 advised operative procedures are ccr 
tainly to be avoided It might be well 
however, to say something at this point 
about the belief still held by many that 
early operation is indicated in a certain 
number of coses 

The medical adage, Once an osteomy 
dills, always an osteomyelitis was based 
on the fact that a large percentage of these 
cases represented so extensive a bone in 
volvemcnt that surgical removal of the 
disease was impossible, and that drainage 
sequestrectomies and partial excision of 
infected bone were the only surgical pro 
cedures that could be utilized This exlen 
sive involvement has been held to be the 
result of two processes,— that of infection 
and that of massive death of bone, involv 
mg a large part or all of the diaphysis— 
as a result of circulatory obstruction The 
latter is the result of collapse of tlie bone 
vascular channels progressively by the ten 
Sion created within the bone due to the 
exudation and edema resulting from the 
combined processes of the infection and 
the initial thrombosis of terminal circula 
lory channels m the para epiph>scal region 
where the infection starts This may be i 
•wpidly progressive affair, shutting off Uit 
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commumcation between medullary and 
cortical circulation via the periosteum, re 
suiting in maasive death of all or part of 
the shaft 

That this can occur is readily demon 
strated If a fraction of a mmim of croton 
oil IS introduced through a small drill bole 
in the para epiphyseal region of the shaft 
of a long bone of a young animal, and the 
drill hole is tlien firmly closed by a bone 
wax plug to again make the bone a closed 
cavity one of three conditions may result 
(1) A local area of necrosis and sterile ab 
scess may form, (2) the same condition 
plus massive necrosis of a large part of 
the shaft in that end of the bone may be 
found or (3) the local abscess plus mas- 
sive necrosis of the whole shaft from epiph 
ysts to epiphysis may be found More 
over this result is found by the end of 
48 hours 

If, when the croton oil is placed m the 
medullary canal, several additional drill 
boles are made, and none of them are 
blocked iso that escape for inflammatory 
exudate and for edema fluid is allowed), 
the resultant lesion is almost invariably 
that of the local abscess unaccompanied 
by massive bone death, but with soft part 
abscess Tlie parallel in the case of a viru 
lent organism is obvious That the viru 
lence of the organism may be such that it 
can kiU the patient rapidly m many cases 
attests to a toxicity comparable to the 
croton oil 

On the basis of preventing the massive 
death of a large part or all of the diaphysis 
and of limiting the process to the actual 
area of early infection as much as possible, 
early operation is indicated only m those 
cases presenting, when seen, the clinical 
evidence of extreme tension wuhm the bone 
regardless of the evidence of severe sys 
tcmic infection Tlie operative indication 
IS for the relief of mtra-osscous tension 
threatening the inlcf^rily of circulation, 
and IS not for infection or osteomyelitis 
the procedure mu't U based on that 
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premise, and should consist in a rapid and 
simple exposure of the para epiphyseal re- 
gion m the area indicated by symptoms 
(see below), the outlining tii ike cortex 
only of a rectangle of bone one by tno 
and a half centimeters \Mth a thm sharp 
osteotome tilted so as to cut along cortex 
and not to dnve through into the marrow 
cavity, the lifting out of this cortical win 
dow, and the packing of the wound loosely 
so that It is kept open 

The whole procedure should not take IS 
minutes It should not damage the medul- 
lary canal or its structures Under no cir- 
cumstance should curetting or any other 
procedure be used Any operation for re- 
moval of infected or necrosed bone should 
be deferred until, as advised by the author 
of this chapter, such process is clearly 
localized and defined by x ray In addi 
tiOQ to the procedure here described all 
other treatment as advised m this chapter 
should be earned out, this “taking the lid 
off the boiling tea kettle to let the steam 
out ’ being added only in those cases evi 
dencing the clinical evidence of extreme 
tension 

IVhich are those cases? They are those 
showing, when first seen, excruciating pain 
and exquisite local tenderness The two 
ad]ecti\es are used advisedly Mere pam 
and tenderness are not suffiaent— the pam 
and tenderness must be extreme They are 
to be considered entirely independently 
of the systemic symptoms of temperature, 
toxemia, prostration, and blood count 
They may be present with or without 
marked systemic symptoms The relief of 
the tension must be considered as having 
no effect on the systemic disease— merely 
as an attempt to prevent massive bone 
death If the extreme pain and tenderness 
are not present operation is not indicated 
If they have been present (by history) 
but are diminishing or have disappeared 
when the patient is seen, operation is not 
ndicated From what has been said it is 
also obvious that operation, even in the 
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presence of these symptoms, is not indi 
cated if the degree of prostration and 
shock present render the patient practi 
cally moribund The avoidance of opera- 
tion should be as intelligently exerased 
as the use of operation It may be said 
that these criteria limit the use of early 
operation to relatively few cases This is 
quite so In those few, however, a great 
deal can be accomplished It is to be em- 
phasized that m those relatively few cases 
this early operative procedure is merely 
m addition to the rationale of treatment 
described in this article, and not in place 
of It At the time of operation the placing 
of local chemotherapy is a logical proce 
dure, provided it is blown or shaken into 
the area and is not pushed into, or stirred 
around m, the medullary canal 

Multiple drill holes in the early opera 
live attempt to relieve tension ore mad 
visable for two reasons, (1) They provide 
inadequate relief of tension, and (2) they 
stir up the medullary canal If the proce- 
dure 15 done, it should provide adequate 
escape for exudate and edema, and should 
infiict no additional damage withm the 
medullary canal 

With these views, held still by many 
thinking surgeons, the editor is m complete 
accord —Ed ) 

Use of Sulfonamides With the intro 
ductioji, during recent years, of the new 
cbe/nrcaf products— sulfandsmide, stdis- 
pycidine, sulfalhiozole, and sulfadiazene— 
the surgeon has been supplied with a valu 
able aid in fighting the bacterial invasion of 
the body These drugs, though they do not 
actually destroy the organisms arculaimg 
in the blood stream or lodged m the tissues, 
do render assistance by lowering the varu 
lence of the bacteria and diminishing their 
activity, thereby allowing the body sufti 
aent time to build up the factors of immu 
mty that eventually must overcome the 
infection Their use, however, does not nec- 
essarily do away with the need for operation 
in order to dram a fully established lesion 
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m some part of the body, for though these 
ikugs may prevent the establishment of 
such a legion or may even arrest its rate of 
development, a completely formed abscess 
must eventually be incised and drained >f it 
IS to heal With the«e facts in mind, the 
treatment that is to be used m acute hema- 
togenous osteom>elilis may be now de 
scribed in detail 

(See Chapter 22 for further discussion of 
chemotherapy and for the use of penicillin 
in these cases —Ed 1 

Treatment of Septicemia in Acute 
Hematogenous Osteomyelitis 
Hospitalization An individual suffering 
from acute hematogenous osteomyelitis 
should always be hospitalized, if at all possi 
ble, when fust seen Good nursing is most 
essential to his welfare, and it is also im 
portanl to have him where his condition can 
be investigated most thoroughly and where 
all the facilities nece&sary for treatment are 
at hand 

Nutrition The nutrition of the patient 
often may be difficult to maintain and there 
fore the diet should consist of foods of high 
calonc values, prepared so that they can be 
easily digested and assimilated Proteins, 
as Well as sugars, should be prescribed The 
fluid intake must be forced so as to stimu 
late elimination through the kidneys If 
fluids are refused by mouth, or rejected due 
to vomiting, Uiey must be given intra 
venousl> Two to three liters of normal 
saline solution or 5 per cent glucose solution 
can be given through a \em each 24 hours 
by means of a continuous drip 
Transfusions Transfusions have proved 
ihcmschcs to be of the greatest value in 
helping patients suffering from acute infec 
tions The blood from a donor supplies nor 
mal constituents m which the patients blood 
maj be Jacking Some believe that factors 
of immunity can be transferred from donor 
to recipient m this manner, but this has not 
>vl been proved to general satisfaction 
Some t>pes of bacteria responsible for llie 


septicemia accompanying hematogenous os 
teomyebtjs have, or acquire, heroolyzing 
qualities, and, in consequence, break down 
the red blood cells These can be replaced 
only by whole blood given by means of 
transfusion The plasma of the blood pro 
vides serum proteins which the patient may 
need at some time during the course of the 
disease This is espeaally so if the diet by 
mouth IS refused or if there is frequent 
vomittug 

The proper nutrition of the patient in 
such a situation can be kept up only by sup 
plying carbohydrates by intravenous glu 
cose, and serum proteins by intravenous 
blood plasma if a sufficient number of red 
blood cells are present If the red cell count 
IS defiaent, transfusions of whole blood are, 
of course, indicated During the height of 
the toxemia, it is m general wise to prescribe 
frequent small transfusions, of 150 to 250 
cc each, depending upon the weight of the 
individual, at intervals of perhaps every 
three to five days, regardless of the patient’s 
actual need for plasma protein or red cells 
Examination. As soon as the patient is 
admitted to the hospital, he must be com 
pletely and carefully examined The surgeon 
must know exactly the extent of the lesions 
he IS dealing with, as often there may be 
more dian one The local condition must be 
particularly noted, but a systematic general 
investigation should be made as well Par 
ticulor attention should be paid to the heart, 
as suppurative pericarditis not infrequently 
accompanies hematogenous osteomyelitis 
The hemoglobin value and both red and 
white cell counts diould be obtained Most 
important however is the blood culture, 
which should be taken immediately after 
admission If there is suspicion that the in- 
fection IS the result of a hemolytic strepto 
coccus, a culture should also be obtained 
from the tonsils and pharynx, or from the 
discharge from an ear, if present If a super- 
fiaal wound be present, whether it is in- 
significant in size or not, or if there is a 
furuncle on the surface of the body, these 
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certainly should be investigated bacteno- 
logically by smear and culture 

Signs of the Disease The fir«t definite 
sign of acute hematogenous osteomyelitis 
may be a suppurative arthntis of some 
joint adjacent to the involved bone The 
hip, knee, and shoulder joints, in the order 
named, are the ones most commonly m 
vaded from foci in subjacent bones As in 
stances, an osteomyelitis beginning m the 
metaphysis of the neck of the femur will 
almost always perforate the cortex close to 
the epiphyseal cartilage plate of the head 
of the bone and produce a suppurative ar 
thriUs of the hip joint an osteomyelitis of 
the lower metaphysis of the femur may per 
forate the anterior or posterior walls of the 
cortex close to the epiphyseal cartilage plate 
to produce suppuration withm the knee 
joint 

Occasionally the bone Ie«ion develop^ in 
an epiphysis and may perforate directly 
into the subjacent joint The contents of 
such a joint must be investigated WHien a 
joint capssule is found distended with fluid, 
the joint should be aspirated in order to as 
certain the character of the exudate Cul 
tures are obtained from this exudate, but a 
microscopic examination of a drop of it 
smeared upon a glass slide may often give 
immediate information concerning the type 
of bacteria responsible for the osteomyeUtis 

An X ray examination of the local focus in 
the bone, thou^ it will probably show noth 
mg abnormal at so early a period in the 
disease may nevertheless give the surgeon 
information which will be of value later on 
m treatment It should therefore be made, 
if it does not call for undue movement of 
the patient 

Immobilization The«e investigations 
having been completed immediately after 
admission of the patient, the part contain 
ing the mvolved bone is completely immo- 
bilized within a plaster encasement applied 
over cotton batting The casing may be bi 
valv ed at once in order that if further 
examinaUon of the mvolved bone seems 
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necessary at a later time the top of the 
plaster shell may be removed without dis 
lutbmg the part It must be applied so that 
all motion is arrested in the contiguous 
joints, thereby relaxing the muscle tension 
The slightest movement of the involved 
part will cause pam, whidi in turn will 
stimulate «pasm of the overlying muscles 
The plaster, therefore, should extend well 
above and well below the point of the dis 
ease in the part, so that complete immobili 
zatioD IS obtained 

For instance, if the lesion is at the lower 
end of the femur, the plaster should be in 
the form of a bip spica which extends down 
to the level of the toes If the hip is m 
volved, It IS well to have the plaster extend 
from the costal margin down to cover the 
foot of the involved limb and to the level 
of the midthigh on the opposite extremity 
Casings for the upper extremity, espeaalJy 
if the proximal end of the humerus is in 
volved, should include the chest and extend 
down to support the hand [Plaster beds for 
«pine cases and plaster beds with thigh en 
casements for pelvic cases, are the best 
forms of immobilization in these instances 
See Chapter 14 for details of these —Ed ] 

Traction, with the limb extended by 
means of adhesive plaster and weights, 
should not be used This form of appliance 
foils to give suifiaent immobilization to 
place the diseased part completely at rest 

11, on aspiration, a joint is found to con 
tain Suid which is not purulent, it should 
be emptied of its contents in order to re- 
beve the tension upon its capsule before 
being immobilized in the plaster encase- 
ment However, if it contains a purulent 
exudate it must be cared for as will be de 
scribed later on 

The fluid balance of the tissues of the 
individual must be brought mto equilibrium 
through the use of intravenous infusions of 
saline or glucose after immobilization of the 
part To accomplish this may take as long 
as from six to 12 hours, or even longer If 
the individual has been sick for more than 
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a few days, the parenteral fluids should be 
augmented by a transfusion of about 200 or 
300 cc of blood, the actual amount de- 
pending upon the age or size of the indi- 
vidual 

Chemotherapy Chemotherapy can be 
commenced as soon as the diagnosis has been 
made Since sulfathiazole is equally efficient 
in combating staphylococcus and strepto- 
coccus infections in almost all cases, it may 
be used immediately, even though the spe 
afic 1)^6 of bacteria responsible for the 
condition in the particular case may not 
have been as jet ascertained The initial 
dose by moutli, in the case of an adult, 
should be 3 Gm (4S gr ), followed by doses 
of 1 Gm (IS gr ) every four hours day and 
night The patient will therefore receive 8 
Gm (120 gr ) during the first 24 hours and 
6 Gm (90 gr ) during every succeeding 24 
hours Because sulfathiazole is much more 
rapidly excreted than other sulfamhmidc 
or sulfapyridme, the dosage to be given a 
large and robust individual may have to be 
even larger, perhaps as mucli as I 5 Gm 
(22 Sgr) every four hours Relatively large 
dosages may be prescribed to children, as 
they appear to be less liable to the toxic 
effects of the drug As large a dose as 7 Gm 
(105 gr) during the first 24 hours and 6 
Gm (90 gr ) on each succeeding day bis 
been prescribed to children of ten jears of 
age, who were suffering from severe sep 
ticemia, without the appearance of unfa- 
vorable symptoms An estimation of the 
concentration of the drug m the blood 
sliould be obtained at the end of 36 to 48 
hours and thereafter at intervals of every 
two dajs The urine should be examined at 
the same intervals for crystals, red cells, or 
albumin Though it is said to be essential 
to keep the concentration as high as 5 to 8 
per 100 cc. of blood, this is seldom 
possible when using sulfathiazole because 
of the rapidity of its excretion by the body 
However, remarkable success has been ob 
lamed with a concentration as low as 2 rog 
per 100 cc of blood Sodium sulfathiazole 
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IS available for intravenous medication if 
for any reason the patient is unable to take 
the drug by mouth We have not had experi- 
ence in the use of sulfathiazole m this way, 
but it has been used under careful check 
with apparent safety [Sulfadiazine is now 
used pretty generally since it is perhaps 
less toxic than any of the drugs mentioned 
here See Chapter 22 —Ed ] 

The surgeon is cautioned to be ever watch 
ful for toxic symptoms when using any of 
the drugs of the sulfonamide group A rap 
idly progressive anemia without obvious 
signs or an agranulocytosis may develop 
Therefore, frequent red and white cell 
coimls should be obtained while the patient 
is under treatment At the first sign of a 
relatively sharp drop m the number of poly 
morphonuclear leukocytes the drug should 
be withdrawn as this may indicate a de 
pressing effect by the drug upon the pa- 
tient’s bone marrow A secondary anemia is 
fairly common but it is not so serious a 
condition as the decrease m polymorphonu 
clear leukocytes, for it can be easily treated 
by means of blood transfusions Prompt dis 
continuance of the drug is indicated if hema 
tuna occurs, as this symptom denotes 
damage to the kidney through the deposi 
tion of acetylsulfathiazole crystals m its (u 
bules Jaundice may also occur as the result 
of a toxic hepatitis and indicates the need 
for immediate discontinuance of the drug 
The patient should continue taking sul 
fathiazole until the temperature has reached 
and remained at the normal level for at 
least three to five days 

If culture results show the infection to be 
caused by the Streptococcus haeniolyticus 
or a pneumococcus, the drug may be 
changed to another of this group It has been 
found, however, that sulfathiazole is quite as 
efficjent as, and can be used more generally 
than, either sulfanilamide or sulfapyridme, 
and It IS therefore well to start by using it 
In an occasional case of infection by the 
hemolyzing streptococcus there may be no 
improvement following its use, or toxic 
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sjmptoms may develop, and then a fhangp 
to sulfanilamide must be made [For com 
plete discussion of chemotherapy and the 
use of peniallin see Chapter 22 —Ed ] 

Bacteriophage intravenously has been 
used by some with success in cases of 
staphylococcus bacteriemia Longacre, Za>t- 
zeff Jetn, and Meleney have recently re- 
ported 36 cases of staphjiococcus septicemia 
treated m this manner, with a mortality rate 
of 47 2 pet cent, compared with 69 other 
cases in which bacteriophage was not used 
and m which the death rate was 81 4 per 
cent * Perry S MacNeal reports a motlaliiy 
rate of 8 3 per cent in a senes of 12 cases ® 
Others, however have not found the use of 
bacteriophage as successful as these reports 
would seem to indicate It is not now id gen 
eral use [See discussion of chemotherapy, 
Chapter 22 —Ed ] 

Local Lesion 

In the short time since the introduction 
of the use of the sulfonamide group of 
chemicals, a considerable number of cases 
of acute hematogenous osteomyelitis of the 
fulminating type, caused by both the Slrep 
tococcus haemolyticus and the staphylococ 
cus,bave been reported, m which the osseous 
lesions though they could be visualized later 
by means of the x ray, failed to break down 
and suppurate Even though sequestra ap 
peared to be present in the«e cases by s ray, 
the lesions, nevertheless, healed completely 
without ever having formed absce«5es The 
dead fragments of bone were apparently re 
vascularized, absorbed and new bone laid 
down 

Treatment was started m these cases very 
early in the course of the disease, evidently 
before suppurabon had begun, and the 
progress of the inflammation was arrested 
In other cases, well formed suppurative le 
sions were present when the patients were 
first seen by the surgeon These were either 
subperiosteal abscesses or pyarthroses con- 
taining thick pus Following the catablish 
ment of a fluid balance in the tissues of 


the patients, the local lesions were simply 
drained, the parts were completely immo- 
bilized, and chemotherapy was started All 
of the«e patients rapidly recovered with 
little morbidity, when compared with the 
results obtained in the past by other 
methods. 

The time to operate on the acute case is 
after a well formed abscess is present. Sup- 
puration never occurs m some cases of 
hematogenous osteoiny elilis caused by the 
Streptococcus haemol^Ucus, and in others 
localization of the lesion does not occur for 
some length of time On the other iiand, 
abscesa formation of lesions caused by the 
staphylococcus occurs much more quickly 
and certainly However, there is no «peafied 
time in the course of the disease which can 
be definitely said to be the nght moment to 
operate Robertson states * No case should 
be operated upon in which there is not a 
definite abscess Phemister wntes ‘ U«u 
ally pus will localize and appear external 
to the bone in from three to seyen dtys 
Aspiration is a helpful adjunct in detecting 
It Wlien the abscess can be located, it 
should be opened and drained ’ * 

As has been staled, there may be present 
one of two legions a subperiosteal abscess 
or a pyarlhrosis In the latter case, the m 
volved joint easily can be aspirated to find 
out the condition of the exudate it is 
not always so easy to obtain material from 
a subperiosteal abscess It therefore seems a 
good rule when such a localized lesion is 
present, if the individual has been sick for 
at least five or six days, if the infecting or 
gacusm proves to be the staphylococcus, and 
if no improvement has been <hown from 
immobibzation of the involved part and the 
use of sulfathiazole, to operate upon and 
dram it as soon as the patient s tissue fluids 
are in a state of balance 

It must be borne m mind in operating 
upon the acute lesion that the focus usually 
starts at one of the ends of the bone— that 
IS, in one of the metapbyses— and, conse- 
quently, the incision should be planned m 
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sucli 1 manner that it will dram tlie locus 
directly, through the shortest route If there 
arc no other <iigus which may indicate the 
location of the lesion, the point of maximum 
tenderness should be ascertained before the 
patient is placed under an anesthetic, and 
should be regarded as the point at which the 
incision IS to be made However, the ana 
tonne situation must be considered also in 
each case, in order to avoid possible injury 
to important structures In planning the in 
cision one must bear m mmd particularly 
the relationship of the joint capsule to the 
incision, so that the joint may not be acci 
dentally entered and contaminated General 
anesthesia should be used m all cases 
It IS well to make a relatively long ina 
sion down to the fascia covering the mus 
cles, then, if possible, the approach is 
continued down to the periosteum between 
adjacent muscle bellies by means of blunt 
dissection If, however, this is not possible, 
the overlying muscle or aponeurosis is «plit 
m the direction of its fibers for a dislancc 
somewhat shorter than the length of the 
skm incision \s each layer is opened, the 
edges of the wound are genll> retracted in 
order that the surgeon ma> observe what he 
IS doing and may also obtain hemostasis 
On reaching the periosteum, an abscess 
should be found beneath U if the time of 
operation is well chosen This should be in 
ci'^ed, but not tor a distance longer than the 
incision m the ovcrljing muscle If the di 
rcciioiu, given here are followed, the wound 
leading down to the bone will be in the form 
of an irregular inverted cone with its base 
on the skin surface, which is the most eiti 
cicnt form for draiinge If no abscess is 
foutul on exposing the periosteum, but the 
membrane is seen to be edematous, it is in 
used longiiudinallv for a short distance, par 
ticubr care being taken not to damage (he 
atnchmcni of the capsule of the joint to 
ihc bone or lo the epiphjsis The pen 
oskuni Itself must not be detached at any 
point where it is firmlj adherent lo the 
cortex The edges of the wound in the 
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periosteum are then gently separated and 
a small button of bone is removed with a 
trephine of one half inch diameter, or a 
trap door is raised in tlie cortex of the 
metaphjsis by means of a sharp chisel or 
gouge Damage to the epiphyseal cartilage 
plate should be avoided Jsolhing further 
should be done to the bone If pus be pres 
enl, It will well out If pus be not found 
further exploration within the metaphysis 
will only do lianii It must be remembered 
that the operation is to obtain free, un 
obalructed drainage from the lesion, accom 
phshed with as little damage lo the tissues 
and to the circulation of the part as is 
humanly possible 

Having accomplished this, the edges of 
the wound m the soft parts are lightly 
jjacked apart with vaselined gauze The part 
IS then dressed loosely with a generous 
amount of dry, sterile gauze held m place 
with a gauze roller bandage The limb is 
then completely immobilized m a plaster 
encasement to ehmmate all motion in the 
adjacent joints, so that the muscles may cn 
lirely relax 

The technic lo be used in those coses in 
which the bone focus has invaded an ad 
jicent joint early in the course of the dis 
ease, producing a p>arthrosis, is quite simi- 
lar to (bat described for the drainage of a 
subperiosteal abscess Experience has taught 
us that only the joint need be drained in 
the*« ca^s, and that nothing further need 
be done lo dram the focus in the meta 
phj'sis of the bone The surgeon, having sat 
isfied himself that the joint contents are 
purulent, proceeds as follows 

The capsule of the joint is widely incised 
without entering the joint with finger or m 
strument In the case of the knee joint, par 
allel incisions are used on cither side of the 
patella The overJjmg skin and subcutane 
ous tissues are incised from a point well 
above the condyles of the femur to just 
below the level of the lower border of the 
patella Tinally, the capsular ligament of 
the joint IS freely incised, the masion being 
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carried upward suffiaenlly high to open ade 
quately the quadriceps bursa The edges of 
the -wounds are packed apart with vaselined 
gauze down to the capsular opening but 
none of the game enters the cavity of the 
joint The wounds are then dressed and the 
joint immobilized m plaster, as has been al 
r“ady described for drainage of a subpen 
osteal abscess [See suppurative arthritis, 
Chapter 15 —Ed ] 

This technic for the drainage of the lesion 
and the subsequent immobilization of the 
part IS that descnbed by H Winnett Orr 
for the care of the local lesion in acute 
hematogenous osteomjelitis The subse 
quent care of the wound is most important, 
for harm can be done by meddlesome sur 
gery The part hav mg been encased in plas 
ter, must be left alone if the operation for 
drainage has been well done, the wound will 
take care of itself far better than the sur 
geon can A window should certainly never 
be cut in the encasement for inspection or 
dressing of the wound, for, through this, the 
surface o! the wound will be irritated, and 
contamination with a secondary organism 
may occur Orr states 

Following operation, with a sick patient, 
the desire to be doing something often leads 
to excesses of treatment that are undesirable 
Even if all the symptoms persist following 
such an operation nothing is to be gamed by 
further disturbance of the wound Drcbsmgs, 
which are nearly always resorted to should 
therefore, not be done ^ 

The relief to the patient through this 
complete rest of the diseased part (lock of 
wound irritation by dressings and muscular 
relaxation because of immobilization) is 
soon apparent m both physical and pay 
chologic improvement, there is no pain and 
no fear of pain from movements or dress 
mgs 

The plaster encasement should not be re 
moved to dress the wound until the odor 
from the discharge is so strong and offen 
sive that it is a nuisance to the patient and 
his attendants [The apphcauon of a bag of 


gauze or cloth containing activated charcoal 
or one of the deodorants adv ertised for body 
odors will do much to cut down this offen 
sive odor This is bandaged in place over 
the plaster —Ed ] The first dressing is sel 
dom done before the end of the third week 
following operation The encasement having 
been btvalved, the patient is carried to the 
operating room If be is a child or a neuous 
individual, it may be helpful to uae general 
anesthesia Careful asepbc technic should 
be employed, and no undue movement of 
the diseased part should be allowed The 
joints which have been immobilized should 
on no account be moved The discharge 
soaked dressings having been removed, the 
surgeon cleanse^ the skin about the wound 
from which the packing has not been re 
moved. Equal parts of a solution of hydro- 
gen peroxide and tincture of green soap 
soften the crusts that adhere to the skin, 
which Uien may be removed by shaving 
with a sterile razor The skm is then ffusbed 
off with a bland sterile solution and after 
that the packing may be removed The 
wound surfaces at this lime should be seen 
(0 be covered with healthy granulations that 
bleed freely and, consequently, need no 
cleaosuag The cavity again is lightly 
packed with vaselmed gauze, the wound is 
re dressed with sterile gauze, and a plaster 
casing IS applied as was done originally 
Subsequent dressings are earned out m a 
similar manner, though the interval be- 
tween them is longer each successive time 
This course should be continued until the 
wound k> completely healed 

The results obtained from this form of pro 
cedure in the treatment of acute hematogenous 
osteomyehtis have, in the authors experience 
more than justifi^ its use A more or less 
modified form of the Orr method was insti 
luted on the Children’s Surgical Service of 
Bellevue Hospital in the year 1933 As con 
fidence was acquired more and more of the 
reoommeadatioas of Orr were accepted In the 
year 1935 his complete technic was adopted. 
Since using this procedure m all cases, more 
attention has been paid to the fluid balance 



ACUTE 

of the patient Sulfanilamide was first used m 
‘trcptococcus o»teom>elitis m the year 1937 
and sulfalhiazolc for staphylococcus osteo- 
myelilis in the early part of 1940 

Previous to 1933 the mortality m 41 cases 
of staphylococcus osteomyelitis with positive 
blood cultures was 46 5 per cent Since then, 
n 14 cases, it lias been 214 per cent In one 
of the latter cases, m which sulfathiazole was 
used, iccQ\ery occurred without need for any 
operation for drainage The mortality in nine 
cases of Streptococcus hacmolyUcus osteo- 
myelitis with positive blood culture was 44 5 
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snellmg of the left knee On questioning fais 
parents, U was discovered that he had fallen 
from a “scooter” five days previously, follow- 
mg which there had been pain in the left knee 
for one day On November 8, the day after 
admission, a definite point of localized tender- 
ness could be elicited over the medial condyle 
of the left tibia A diagnosis of acute osteo- 
myelitis of the tibia was then made 

A blood culture was taken and chemo- 
therapy was begun, the boy being given a full 
dosage of sulfanilamide The following day 
there was some swelling around the point 



per cent before the year 1933 and 28 5 per 
cent m seven cases since then Secondary 
metastatic legions have not occurred in any 
cases Since complete immobilization lias been 
used, and secondary operations for the re- 
moval of -iequestra have been much less fre- 
quent The patients have been much more 
comfortable, they have not had the daily fear 
of dressings, their general nutrition has been 
more easily maintained, convalescence has 
been shortened The following case history is 
given as an example 

A mne-ycar old colored boy was admitted 
to the hospital on November 7, 1940, present- 
ing a rash Tour days previously he ^d had 
malaisc and abdominal cramps The next day 
he had a rash on his shoulders which was 
diagnosed scarlet fever He was moderately ill, 
with a temperature of 102®, and show^ a 
strawberry like longue Hcbad, however, some 


where the tenderness bad been The area was 
aspirated without obtaining pus Nevertheless, 
the climcal diagnosis of acute osteomyelitis of 
the tibia was adhered to, and a plaster encase- 
ment was applied from the upper thigh to the 
toes This immediately relieved the boy of all 
pain The temperature at this time had risen 
to 105® The following day the medication 
was changed to sulfathiazole, 4 Qm of the 
drug being given daily The patient, however, 
conlmued to have a persistent hyperpyrexia 
vvhicb was spiking m type between 100 and 
W" (Fig 404) Blood culture was reported 
as containing Staphylococcus aureus On No- 
vember 10, because of continuation of the 
temperature, the sulfathiazole was changed to 
suUaduzmc, in the same dosage — 10 gr every 
lour houis Three days later, November 13, 
sulfathiazole was used again The tempera- 
ture now commenced to fall and, on November 
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15, it liad reached normal, to nse again on 
No\ember 19 This rise however, proved to 
be due to the sulfathiazole, since, when the 
drug was diicontinued the temperature fell 
immediately A second positive blood culture 
was obtained on Nosember 11, but all sulse- 
quent ones were negatn e 
The patient received two blood transfusions 



Fig 405 X ray of earJy osteo 
m>eliti5 of upper tibia 

of 200 cc of whole blood — one on November 
17 and one on November 19 After November 
19 the temperature remained normal A roent 
genogram obtained on November 8 did not 


OSTEOMAELITIS 

demonstrate any changes in the bone but 
another one obtained on Nosetib-r 14 showed 
irregular patches of Oiteoporojis of the upper 
metaphysis and a slight raiding of the pen 
oateum (Fig 40^) 

Brodie s Abscess 

A Brodie s abscess is a localized abscess 
vnthia a bone, which has been completely 
arcurascribecl and walled off with dense 
osseous tissue These solitary abscesses 
probably represent local lesions of acute 
hemati^enous staphv lococcus osteomyelitis, 
which the local resistance of the tissues mas 
ter«i early and enveloped wnth a protective 
wall before the infection had time to 
vpreah 

The posiuon of the lesion is first located 
by ascertaining any point of local tender 
ness present on the surface, or by means of 
X raj, to determine the ®ite of the mccion 
The patient having been anesthetized, an 
Esmarch bandage is applied to give the sur 
geoQ a bloodless field The inasion in the 
soft tissues, which is canted down directly 
to the periosteum overlying the ab cess 
should be as short m length as is suitable 
to obtain exposure of the lesion The pen 
osteuRi IS then incised and the cut edges are 
suhiaenlly «€p3raled to allow the corter of 
the bone to be pierced with a small trephine 
or for an opening to be made by a gouge 
The abscess cavity is usually found to con 
tarn ao attenuated exudate, and its wall is 
commonly lined with pale and w atery granu 
laiions The overlying bone forming the roof 
of the cavity is then freely removed «o that 
the abscess cavaty is widely opened The 
contents including the granulation tissue 
lining are cleaned out with a curette The 
cavity is then loosely packed with a strip 
of vasebned gauze, the end of which is 
brought out through the wound in the soft 
tissue If the abscess has been of long dura 
lion, and there hav e been no signs of acute 
inflammation a stitch of silk suture im 
terial may be placed in the skin at either 
angle of the wound The part is then dressed 
with dry sterile gauze The vasebned pack 



( \) Cl meal pholoferaph of nght leg three months after shell fragment wounds 
' ' (B) Saucerized wound 

(C) Completed shin graft four days after final saucenzat on 
(D) Healngnearlycomplctc 
(Courtesj Ann Surg 122 1 194S ) 
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ing and stitches may he removed at the end 
of a week or ten days Healing usually oc- 
curs rapidly and completely. [Chemother- 
apy lb frequently used in the cavity at the 
present time See Chapter 22 —Ed ] 

CHRONIC OSTEOMYELITIS 
A chronic suppurative process, with for- 
mation of sinuses, frequently follows acute 
ostcom>elilis The continuance of this sup- 
puration may be the result of a retained 
sequestrum or, on the other hand, may be 
due to the persistent dead space represented 
by a cavity within the involucrum, which 
is surrounded by a dense, hard wall of bone 
These cavities fail to heal spontaneously, 
because of the lack of blood supply in their 
Sclerosed walls They are often due to the 
too long retention of a sequestrum which, 
preventing healing and causing a prolonga 
tion of the suppuration, results in the for 
niation of sclerotic bone Because of the 
density of the walls of these cavities, roenl 
genograms often foil to reveal sequestra 
which may be present 
The time of choice for performing the 
operation of sequestrectomy should be as 
soon as the dead bone has completely sep- 
arated from the living, provided that an 
involucrum has been laid down that is 
strong enough to provide continuity and 
rigidity of bone The sequestrum often acts 
as an internal splint that serves to prevent 
the occurrence of a pathologic fracture if 
the involucrum is weak If the fracture of 
a newly formed invulucrum should happen, 
displacement of the fragments may occur 
and nonunion may follow On the other 
hand, if the sequestrum is allowed to re- 
main inside the involucrum for too long a 
time, the irritation produced stimulates the 
lajing down of den«e sclerosed bone, and 
a cliromc bone cavity results The surgeon 
in charge of a case of suppurative os- 
teom>eliiis, con«equentl> , should carefully 
‘•elect the proper time to perform the opera- 
tion of sequestrectomy, that lime is when 
sufliacnt involucrum has formed to support 


the continuity of the bone, but before the 
osseous tissue has become hard and ivor> 
like by X ray as a result of the long drawn 
out suppuration 

Sequestrectomy The operation should 
be performed m a bloodless field With the 
patient under anesthesia, the involved limb 
IS elevated in order to allow the blood to 
dram from it, and a tourniquet is appbed 
The skin is then prepared, a flat sandbag 
IS placed beneath the involved bone, and 
the part is carefully draped with stenle 
sheets and towels The incision in the skin 
should be clliplical in shape, so that it in 
eludes the scar and the opening of the sinus 
both of which should be excised It is then 
deepened to the periosteum, the muscles and 
other soft structures being pushed aside 
The cloaca in ihe involucrum is then sought, 
and when this is located the periosteum is 
incised longitudinally so that the incision 
crosses it The edge» of the peno&teum are 
then pushed back with an elevator, exposing 
the involucrum covering the sequestrum 
Starting at the mouth of the cloaca the 
opening can be easily enlarged by using a 
rongeur, if the osseous tissue has not be 
come too hard and dense Only a sufliuenlly 
large enough opening to remove the seques 
trum need be made A long sequestrum often 
can be teased through a very small opening 
if the involucrum i* thin The opening, 
however, should be large enough that the 
cavity in which the sequestrum lies can be 
thoroughly explored, m order that all the 
dead bone may be found and removed The 
surfaces of the walls of the cavity are then 
gently curetted and wiped with dry gauze, 
so that all loose fragments of tissue will be 
removed If the circulation of the new bone 
IS sufliacnt, the roof of the cavity and 
overlying edges need not be entirely re- 
moved, as granulation tissue will eventually 
grow out and fill it 

Saucerization If the disease is long 
standing and the involucrum is made up of 
thick, dense, sclerotic bone, a different pro- 
cedure should be followed A much larger 
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amount ol overlying involucrum will have 
to be cut away by chisel or gouge than in 
tho^e cases m which the bone is more newly 
formed and soft After the cavity has been 
exposed, its entire roof must be exased so 
that It will finally have the form of the 
inner surface of a shallow teacup or saucer 
This requires that all the overlying edges 
be cut away and smoothed off, and all sharp 
spicules and septums within the cavity de 
slro>ed Particular care must be used by 
the surgeon to see that no recesses and no 
sinuses leading to other cavities are over 
looLed Failures in operations of this kind 
are most often due to lack of sufficient thor 
oughness on the part of the operator in ex 
posing and widely opening all the cavities 
within the involucrum These bone cavities, 
though they may sometimes contain seques 
tra, are often empty, and fail to close only 
because there is not sufficient circulation 
in their dense walls to allow the granula 
tion tissue lining them to grow out and heal 
them up By means of this operative pro 
cedure the cavity is obliterated, and i con 
pensalory circulation is supplied If the 
procedure is carried out properly the sur 
rounding soft tissues will drop into what 
remains of the cavity and its bony walls will 
obtain a new blood supply from this tissue 

After care Having earned out either 
one of these procedures vaselined gauze is 
then lightly packed in what remains of the 
bone cavity and the wound so that the 
edges of the wound in the soft tissues are 
held widely apart The part is then dressed 
with a large amount of dry sterile gauze, 
which may be held in place with a bandage, 
and the tourniquet is removed The limb is 
then completely immobilized in a plaster 
encasement 

The plaster is applied over a padding of 
cotton batting The encasement should be 
extensive enough to prevent motion at either 
of the adjacent joints On no accoimt 
should a window be cut m the encasement 
for inspection or dressing of the wound 
When a dressing of the wound becomes nee 


essary, on account of soiling of the plaster 
or odor from the discharge, it should be 
done under the strictest aseptic precautions, 
so as to prevent contanunation of the 
wound by some secondary organism The 
encasement may be bivalved m the ward 
before the dressing, but it should not be 
removed until all is ready and the patient 
has been taken to the dressing room Ihe 
procedure to be used has been already de 
scribed under the treatment of acute os 
teomyelitis 

The operative procedure for both acute 
and chrome osteomyelitis, as described, fol 
lows the technic as laid down by H Winnett 
Orr, with but one exception After curetting 
the cavity in the mvolucrum during seques 
trectomy for chronic osteomyelitis, Orr rec 
ommend;} that its interior be wiped out with 
a 10 per cent solution of lodme followed by 
alcohol W'e see no advantage in this, and 
believe that it may do some harm 

Much has been written of the use of mag 
gots in clearing out the cavities in bone, 
after the sequestra have been removed^ or 
after the bone is saucenzed This method is 
not being used, however, as much as for 
metly, for most surgeons with experience 
have come to the conclusion that, with 
proper understanding of the lesion and a 
carefully planned technic, better results will 
be obtained by the methods here described 
It should be remembered that, if success is 
to be attained by these methods not only 
must ail necrotic tissue be removed, but a 
blood supply must be obtained from normal 
tissue for the bone and that much of the 
soft parts are so infiltrated with scar tissue 
that they lack sufficient circulation to heal 
properly [In very young children showing 
extensive involvement of radius, ulna, fibula, 
or clavicle, extensive subperiosteal resection 
may be done with reasonable assurance of 
adequate regeneration provided length and 
axis are maintained m the extremity in 
volved, in the first three instances cited 
bv adequate plaster iramobihzation until 
regeneration is complete This is advisable 
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only up to /our or five years of age at the 
mo=t, and %\hen the lesion is extensive and 
remains acti\c despile chemotherapy and 
surgical drainage as ad\ ised in this chapter 
It IS rarely indicated It is inadvisable m 
femurs, humen, and tibiae 
In the adult, resection can be done m 
clavicle, fibular and scapular cases, and m 
carpal, tarsal, metacarpal and metatarsal 
cases when they are persistent and exten 
sive 

While there are still some adherents to 
(he Carrell Dakin method of treatment in 
both the acute and chronic types of osteo 
mjclilis, It has been largely abandoned It 
can be quite effective, but it requires inetic 
ulous alleniion to detail, is time consuming 
and the frequent dressings are apt to be 
extremely upsetting to the >oung patient 
The intrcKiuctJon of chemotherapy, in 
eluding the use of penicillin, locally and 
s>sicmically has opened up a new held of 
possibilities in the treatment of chronic 
ostcom>elitis 

It must be considered however, to be as 
>ct in the clinical experimental field, and 
It >5 entirely too early to advise the use of 
many of the procedures advocated in the 
literature Chronic osteomyelitis is subject 
to such marked variations in regard to 
periods of quiescence and flare ups varying 
from months, to years that a hide caution 
should be exercised in wholeheartedly cs 
pousing a method of treatment because >t 
has apparently ‘cured a chronic osteo 
mjclitis as deaded after a year or so of 
observatfon The potentialities of the situ 
aiion, and some of the ipplications made 
are discussed in the section on cbemo- 
therapy , Chapter 22 -Ed] 

SCARS ADHERENT TO BONE 
After operation for osteomyelitis of the 
tibia, the scar may become densely adherent 
to the Underlying bone This can occur in 
oihcr bones, but is more frequent over the 
tibia bccau«e of ihc superficial position of 
Its sliaft \ broad scar is usually present. 


closely adherent to the anteromesial surface 
of the diapbysis of the tibia The skin form 
mg this scar is composed only of epidermis, 
and It lies directly upon the periosteum As 
there is no conum or subcutaneous areolar 
tissue, this epithelial layer is entirely de 
pendent for its nutrition upon the vessels 
of the bone cortex Since the bone is usually 
sclerotic, the circulation is poor In conse 
quence of the adherence and poor nutrition 
of this scar slight accidents may cause 
injury to the epidermis and ulceration fre 
quently follows 

This condition can be corrected usually 
by the exasion of the scar and by drawing 
the edges of the wound, which is now com 
posed of normal skin with areolar subcu 
taneous tissue together over the surface of 
the tibia 

The operation should not be performed 
until some six months or a year after the 
osteomyehiis has completely healed Fol 
lowing induction of anesthesia, a bloodless 
field IS prepared by using an Esmarch band 
age The normal skin close to the circum 
ference of the scar is first incised (Fig 
406 A), then the epidermis of the scar with 
the underlying periosteum can be easily 
separated from the surface of the bone by 
a flat edged elevator If the cortex is much 
thickened and eburnated some of the excess 
bone may be removed with a sharp chisel 
and the surface smoothed off with a rasp , 
this will make the contour of the bone ap 
pear more normal The skin and subcu 
taneous areolar tissue are then undermined 
on each side of the wound, separating them 
from the fascia covenng the muscles This 
must be done for some distance to each side 
so as to freely mobilize the flaps m order 
that the edges of the wound may be approx 
imated without tension The removal of the 
exuberant sclerosed bone from the shaft of 
the tibia will often make the approximation 
of the edges easier If the edges cannot be 
approximated even then mibout tension, 
relaxing incisions must be made (Fig 406 
B) These inasions, about two thirds the 
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length of the wound that is to be closed, 
are made parallel with and from two to 
three mdies on each side of it This mahes 
two double pedicle haps which can be slid 
together easily over the bone surface In 
every case complete hemostasis must have 
oeen effected before closure is undertaken 
The wound is dosed m lasers, first the 


surface of a wound m the soft tissues, heal 
ing readily takes place and the resulting 
scar IS soft and pliable {Fig 406 C) The 
part IS then dressed with dry sterile gauze 
and the leg and lower thigh are covered 
generously with cotton batting, which u 
snugly covered by a flannel bandage exert 
ing firm pressure A plaster encasement is 




£> 

Fig 406 




Fig 407 


Fig 406 Plastic repair by releasing mciaiona 
Fig 407 Plastic repair by direct swing of flap 


areolar tissue is brought together with inter- 
rupted stitches of plain catgut and then 
the sUn edges are carefully apposed with 
interrupted sutures of silk If relaxing ina 
sions have been made, the edges of the skin 
at the angles of these wounda may be ap- 
posed provided they can be brought together 
without tension The area which remauis 
open m these auxihary wounds should be 
covered vnth an Ollier-Thiersch or split- 
skm grafts As the grafting is done on the 


appbed from the toes to the upper third 
of the thigh The encasement should be 
taken off at the end of 12 dajs or two 
weeks, at which time the sutures are also 
removed. 

[The part must be kept moderately ele- 
vated during the whole time of healing, and 
following the removal of the plaster encase- 
ment and the sutures, dependency of the 
extremity must be resumed gradually Elas- 
tic «;upport by bandage or stocking for a 
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»hik IS a help m maintammg adequate 
circulation —Ed ] 

A depressed scar on a muscular portion of 
lie limb will often prevent healing i( the 
edges of the skin become attached to the 
surface of the deep-seated bone Such a con 
dmon may be treated by raising a peduntu 
lated flap, either laterally or mesially to 
the dimple in the skin The flap may then 
be shifted over to fill the gap after the 


Wt humerus He had had these condiUons 
since childhood, when he had contracted an 
acute osteomyelitis of the tibia From tune to 
tune since then these lesions had become 
active , , 

On the left leg, covering the entire sub 
cutaneous a^ect of the tibia was a long, 
broad scar which was densely adherent to the 
underlying bone The skin was merely epi 
thelium firmly fixed to the osseous tissue At 
the upper angle of this scar there was a cavity 
which extended for some distance into the 



Fic 40S PcdicIc graft for chronic osteomyelitis (Courtesy, Surg Clin N Amer , 
17 1S8 189) 


invaginaled scar has been excised (Fig 407) 

Other means ma> sometimes have to be 
used to correct this condition when there 
IS not sufiicient normal skin to slide over to 
fill the gap occasioned b> the excision of the 
scar The history of such a case is pre«enled 
as an example 

GW, a man aged 3S >cars was admitted 
to Uelkvue Ho pilal on January 31 1933, 
willi a diagnosis of chronic osteomyelitis of 
the left tibia and fibula and of the right and 


cancellous bone of the metaphysis of the tibia 
Much of this cavity was unlmed with skin, 
and carious bone was exposed 

During his first admission the chronic osteo 
myelitis of the right humerus was treated 
On December 2, 1933, the patient was re 
admitted, complaining of ulceration of bis 
right It was evident that he would con 
tinue to have trouble with this leg unless the 
scar over the tibia could be made soft and 
pliable and the cav ity m the cancellous bone 
of the metaphysis healed ^\s there was not 
suffiaent skin on the leg to slide over the tibia 
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from either side, it was decided that slm and 
underl> ing subcutaneous fat should be brought 
from some more distant place Therefore, early 
in January, 1934, he was operated upon 
A double pedicle flap was raued from the 
left side of the abdomen, ju^t abo\e and 
parallel to Poupail’s ligament and the crest of 
the ilium This flap was tubed and the sljn 
edges nere dosed beneath it On May 9, 1984, 
the upper and outer pedicle of the tube flap 
was cut across swung downward, and its edge 
sutured into an incision which was made on 
the anterior surface of the left thigh It was 
allowed to remain in this position until 
August, when the lower and innermost of the 
original pedicles which was attached to the 
abdomen was dnided and this end of the 
tube flap was brought down and sutured loto 
an inasion on the anterior mesial surface of 
the upper part of the left leg (Fig 403, left) 
On October S 1934, that pedicle whidi was 
<:tiU attached to the thigh was divided, and 
the tube after being partly opened at its distal 
extremity, was spread out over an area from 
which the lower third of the cicatru attached 
to the tibia had been etCLed (Fig 408 
center) Finally, on December 3, 1934, the re 
maiaing portion of the cicatnx was excised 
and the cavity m the upper end of tbs tibia 
having been curetted, the remaining part of 
the tube was opened and careful!) placed <o 
that the entire area from which the acatriz 
has been excised was covered with normal sKm 
and subcutaneous tissue and the cavity in the 
upper nietaph>^is of the Ubia vras lined with 
the same tissue The edges of the flap were 
carefully sutured to normal skin at the edges 
of the wound and several small drams were 
inserted (Fig 408, nght) 

The. cdg^ of the fiafl healed kindly and the 
patient was di-charged from the bo'-pital on 
February 2, 1935, with a healed and useful 
leg Since then the patient has been able to 
walk and move about in a normal manner 
IVhen last seen, in April, 1940, the patient 
had had no more trouble since this procedure 
was carried out • 
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Miscellaneous Bone Disease and Infection 


Clay Ray Murray, M D 


OSTEITIS CYSTICA FIBROSA 
Two lypcs of this disease are recognized— 
(1) the generalized form and (2) the local 
bone cyst 

The Generalized Form This is asso 
ciated \ulh parathyroid tumor and hyper 
activity and is treated by the removal of 
the parathyroids with postoperative calaum 
therapy to prevent tetany The shelelal 
lesions are often extreme, and multiple frac 
lures are common The author has seen a 
three inch section of the tibia, in a severe 
case with multiple fractures which had be 
come so completely cystic that it was actu 
ally fluctuant and was represented m x ray 
by a thrce-mch gap in the Ubn Jfarhed 
decalcification of the noncystic portions of 
the bones occurs The cystic lesions should 
not be subjected to surgery m these cases, 
but the sifeguirding of the patient against 
linctuTt; and the tTcatment cd the iiatVates, 
nhidi occur so frequently, constitute 3 
major problem m treatment 
The patient noted above had bilateral 
subtrochanteric femoral fractures, a supra 
condylar femoral fracture, a fracture of one 
tibia and cystic solution of continuity in the 
other, a fracture of one humerus, and one 
of the opposite radial shaft m addition to 
<ome nb fractures Despite bilateral bal 
anced suspension with traction to both lower 
extremities postopcratively, she sustained a 
refraclure of one femur, and another radial 
fracture 


Preoperatively, circular plaster can be 
used to protect fractured members 
Postopcratively these patients put on a 
great deal of weight, largely by fluid re- 
placement, and develop edema during the 
early postoperative stage This occurs so 
rapidly postopcratively in the cases which 
have been badly dehydrated that a satis 
factory preoperative plaster may become 
dangerously tight, and some form of trac 
tion suspension may be necessary m the 
lower extremity The complicated cases fre- 
quently require the exercise of considerable 
ingenuity m the use of the conservative 
measures of fracture treatment Their heal- 
ing time is slow 

The Solitary Bone Cyst This vanes 
considerably m its pathology Microscopi- 
cally It may be identical with the giant- 
cell tumor, and the differentiation is fre- 
quently made on the location of the lesion 
If It lies in the epiphyseal end of the bone. 
It IS called a giant cell tumor , if it lies in 
the diaphyseal portion of the bone, it is 
called a bone cyst It is here considered 
as a lesion of the diaphysis 

Treatment The treatment is decortica- 
tion of one face of the cystic cavity, thor- 
ough removal by curettage of the contents 
(or of the lining if no solid contents are 
found), cauterization of tlie whole inside of 
the cavity with carbolic followed by alcohol, 
packing of the cavity with bone chips from 
healthy bone (preferably cancellous), and 
primary closure and pressure dressing Ixical 
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recurrence apt to follow incomplete pro* bone with a lou serum pho-phonis and cal 


cedures, and the greater the number of giant 
present the more apt there is to be 
recurrence Remo\-al is adequate onl> when 
healthy bone or marrow tissue is reached 
If the cj'^^t la large, postoperau\‘e protection 
b\ '!plmt IS desirable 

The pre\ alent idea that a fracture through 
one oi these c>'5ts results in cure la emme* 
oua, Onlj about IS per cent of the cj'sis 
through which fracture occurs revoke as a 
result of the injur\ The remainder <eem 
to increase in “iire after injur\ [See alao 
Chapter 12 on Bone Tumor?.] 

\ON RECKLINGHALSENS 
DISEASE 

\ on RecUmghauacn a di«eaae, character 
ued b} the occurrence of mulupJe neuro- 
nbromata along the cour^ of the cutaneous 
nen'ea and multiple o-^tic changea in the 
long bones with oateomalaac ^fteoing, re* 
«ulung often m <econdai 3 deformitiea and 
fractures la subject to no «peanc ireaimeot. 
Therap> la conhned to the esosion of the 
neuTohbronuta when feasible, and the ccff 
reciion of the bon> deformitiea b> appro* 
pnate oateotomiea followed b\ plaster in 
the corrected povitioo. Bone healing after 
o>leotoTi> and fracture in theac caaea la not 
delated, aa one might «u.pect, but la aver 
aim in 'ime and norma] m character and la 
u.ual]> adequate, although the new formed 
callua ultimate!) la affected b\ the diaease 
Because of the character of the bone, ma 
mpulative reduction and plaaterimmobUiza 
uon are indicated. The uae of skeletal 
tmcUon the multiplC'pm method.., and 
mtemal nsation should be retried to onl\ 
m the event of failure of the more con 
servativm method to <?ecure adeqiule re- 
duction. 

OSTEO^LALACLA 

The term oateomalacia la here Uaed to in- 
clude what la probabl) a vanel) of condi 
tions from an euologic tandpomt, all te- 
^ulUng m poaiadoleacent decalaficatioa of 


aum, and a negauv e calaum balance Th^ 
are of interest from two ttandpomta A great 
deal can be done toward the prevention or 
mmjmmog of 'pinal and extremity defornu 
iiea bv the adequate uae of bmcea and up- 
ports when the tendency to deformity la 
rect^pized early Patient* who would other 
wiae be bedridden can, b\ careful adapta 
tion of support to their «peanc problem, be 
nude ambulatorv and capable of looking 
after themaelvea. The taak frequenth re- 
quires patience and ingenuiti, but it well 
repavs the effort Deformili& already prea 
ent may someumea be corrected by the u>e 
of correctne brace* over a long period of 
ume. 

The second point i> the treatment oi 
fracture* in thi* group, which are apt to 
be irequenu Remarkably enough, the heal 
mg Ume of fractures la the normal average 
or slighUy lea* than that, and the callua, 
after it la formed, become* oateomalaac like 
the re*t of the skeleton Skeletal traction 
muluple-pm meihcxL, and internal lucation 
are not suited to the*e caae* and mampu 
buve reduction and pla.ter i* the preferred 
method 

R-ACHTTIS 

The “lurgicil treatment of thu» diieiie, 
which 1 * daih becoming rarer, i* limited to 
correcUv-e o^teotomie* and to the treatment 
of fracture* m conjunction with the treat 
ment OI the disease it*eli by medical mean*. 
It would ceem that in the artue <?tagc of 
thi* disease the healing of cuteotomie* and 
of fracture* i* delaved. Once the pre^re** 
of the di*ea*e ha* been halted, lbu> i* cot 
the cme. Dunrg the active stage of ifce 
di*ea^ suf^rtive or corrective brace* may 
prevent or correct deionnitic*. "When frac 
ture occur*, in the presence of deformiiy 
It may ‘sometimes be utilized a* an o*- 
teolomy for correction, but thia may be 
inadvisable because of the line of fracture, 
and It roav be wiser to add an adequate 
o-teotoaix , or to «ecure healing in the posi 
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lion of the original deformity, reserving 
proper osteotomy for a later date Operative 
procedures on these cases are best reserved 
for the time i\hen the disease itself is con- 
trolled [See Chapter S [ 

OSTEOGENESIS IMPERFECTA 
(I RAGILITAS OSSIUM) 

There are three forms of this disease 
—(1) the congenital, (2) the infantile, and 
(3) osteogenesis imperfecta tarda— all char 
actenzed by blue sclerae, and differing only 
in their severity and the time of the ap- 
pearance of symptoms 

Congenital Form The congenital form 
IS the most severe and tlie most frequent 
Most of the cases result in death before 
birth The rest have fractures at or shortly 
after birth The head is small and the bones 
arc soft The bones by x ray are rarefied, 
with a thin cortex, and other healed frac- 
tures are usually found The epiphyses are 
normal in appearance The bones are char 
acteristically pipestem in structure The 
prognosis for the congenital case born alive 
IS poor, and the nursing handling is of (he 
utmost importance in minimizing the 
chances of additional fractures The treat- 
ment of the individual lesions is by the 
methods described for birth fractures [See 
Chapter 43 ] 

Infantile Form The infantile type may 
affect children of normal gross appearance, 
except for the sclerae, and may not be 
recogmzcd until the child begins to walk 
and become active, when fractures occur 
w ith minimal trauma or spontaneously The 
X ray appearance of the bones is character- 
istic No growth disturbance is present un- 
less an cpiphj’sis is involved in an individual 
fracture The lesions heal normally, and the 
treatment Is the usual one for the individual 
fractures Most of these coses seem to lose 
their tendency to frequent fracture when 
adolescence is post, although the bones still 
retain much of their characteristic appear- 
ance 

Osteogenesis Imperfecta Tarda. This 


appears m later youth, and rarely after 
adolescence The picture is identical with 
the other two types, and the therapy for the 
fracture is routine It would seem that these 
later cases are more apt to carry the tend- 
eniy to fracture into and sometimes through 
adult life 

In addition to the treatment of the frac- 
tures which occur, various corrective os- 
teotomies may be necessary for deformity 
occasioned by malunion of fractures and by 
epiphyseal growth disturbances secondary 
to fracture 

For the disease itself there is no known 
effective therapy 

OSTEITIS DEFORMANS 
(FACETS DISEASE) 

For the disease itself there is no therapy 
which IS effective For the pam assoaated 
with It, deep x ray therapy to the painful 
region is frequently very efficacious 
Fractures occurring in Paget’s disease are 
of two types That which corresponds to 
the fracture in the ordinary individual is, 
m (he Paget’s case, characteriaed by a pecu- 
liar axe-chop appearance, with smooth edges 
to the fracture surfaces, and with a tend- 
ency to a step-cut type of fricture line The 
smoothness of the fractured cortical sur- 
faces, and the sharply angular step-cut con- 
formity of the fragment ends, often makes 
retention of the corrected position difficult 
Multiple pm methods or open reduction and 
fixation are frequently indicated in these 
cases [See Chapter 22 ] With adequate re- 
duction and fixation the healing of the frac- 
ture IS not prolonged beyond the average 
for normal bone, although the heabng ul- 
timately becomes affected fay the disease 
The second type of fracture seen is that 
of multiple cortical cracks, as though a very 
thw osteotome had been driven into the 
cortex The-^e are associated with pam and 
local soreness They are most common in 
the tibia, but may occur in other bones 
When Paget’s is associated with pain, it is 
wise to make sure by x ray that this lesion 
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IS not the cause before using deep xrty 
therapy When these cortical fractures are 
found, rest by splinting is all that js indi- 
cated until all pam and acute local tender 
ness have disappeared 

SCLEROSING OSTEOMYELITIS 
OF GARRE 

This disease, characterized by a chronic 
dense sclerosis and thickening of a long bone 
shaft accompanied by pain and tenderness, 
but usually uithout fever or blood count, 
IS supposed to be a low grade infection 
Cultures from the bone have been uniformly 
negative, bovrcver Occasionally it is con 
fused with the denser forms of osteogenic 
sarcoma or with the osteitis of syphilis 
It attacks the tibia most frequently, al- 
though any long bone may be affected There 
IS no suppuration and no bone destruction 
X ray therapy has been said by some to 
be a successful form of treatment Others 
consider it valueless Certainly it has not 
been outstandingly successful 
The bormg of multiple drill holes into the 
affected bone has reheved some cases 
Extensive saucerization with collapse of 
adjacent muscle bellies into the saucer is 
said to have relieved some cases, with or 
without the drilling of multiple boles 
through the bone left bebmd 

In using an osteotome or a gouge on this 
bone it IS well to remember that it is ex 
tremely dense, and tends to laminate off in 
large blocks, somewhat similar to the bone 
m Paget’s disease, and that care must be 
taken not to produce a fracture m the 
course of the saucerization Primary clo- 
sure, pressure dressing, and splinting are 
indicated postoperatively 

TYPHOID OSTEOMYELITIS 
Typhoid has become so rare a disease that 
this condition is now seldom seen It occurs 
in two forms Its acute form is seen during 
the course of the disease and produces the 
symptoms of a subacute osteomyelitis It 
rarely leads to suppuration and usually sub- 


sides with the disease Rest and sympto- 
matic treatment are all that are needed 
The occasional case will go on to the 
formation of a localized abscess This is m- 
doluit m nature The edges of the cavity 
are rounded and even a little scalloped, and 
there is little reaction m the bone about 
it The sjTnptoms are mild Its progress is 
so slow that It is frequently not discovered 
until a long tune after the patient is well 
A recent case seen by the author gave symp 
toms enough to warrant seeking medical 
advice four years after typhoid It was m 
the subtrochanteric femoral region and 
showed by x ray as a cavity two and one 
half inches by two and one half inches, 
without expansion of the bone but with 
some thinning of the cortex Sarcoma was 
suspected as a possibility until a typhoid 
history was secured The organism was re 
covered from the pus 
The treatment indicated in these cases is 
saucerization of the cavity, cauterization, 
and primary closure with a pressure dress 
log if possible If not, packing and gradual 
healing by granulation is indicated 

SYPHILIS or BONE 
Syphilis of bone may occur in the form 
of a peno»titis, leading to the so called 
saber shin when it affects the tibia, as a 
dense sclerosing form of osteitis, in a com- 
bination of obleolytic and osteogenic activi 
ties which may closely resemble low grade 
chronic suppurative osteomyelitis or osteitis 
cystica fibrosa of the generahzed form , or 
as a gumma which may be mistaken for 
bone tumor, particularly sarcoma It is to 
be remembered that these are tertiary le 
stons, and the Wassermann or Klein may 
be negative Other evidences of syphilis, a 
provocative Wassermann, and a therapeutic 
lest or a biopsy may be needed to make the 
diagnosis It is to be kept in mmd that, al 
though the differentiation of tuberculosis of 
bone as a destructive lesion and syphilis as 
a productive lesion is common, these char- 
acteristics are not infrequently reversed. 
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The disease is, m general, much less fre- 
quent than It used to be 

Ihc diagnosis calls for antiluetic treat- 
ment Surgery is reser\ed for those cases 
where extensive destruction of bone has oc- 
curred before the diagnosis has been made 

While dela>cd and nonunion m fractures 
have frequently been ascribed to the con 
comitant existence of systemic lues, this is 
not the case unless central nervous system 
luts with trophic disturbances is present, 
or unless the fracture is through the ';ilc of 
a luetic lesion m the bone involved 

ACTIXOMYCOSIS OF 
liONC 

Caused by the ray fungus, derived from 
cattle, this disease affects the jaws and the 
vpinc pnmanly but may be found in other 
bones The bone is always secondarily m 
voUed The jaws become involved through 
primary gum involvement, the vertebrae 
probably through primary gastro mtestina! 
imolvcment, and other bones by primary 
skm involvement 

It 13 characterised by severe pam and by 
the presence of multiple lumpy swellings 
which ate composed of a central pus pochel 
surrounded by dense fibrous tissue The pus 
contains sulfur yellow granules which are 
characteristic Sinuses may form in the la 
doJent painiui sneJhwgs, and the pus with 
Its sulfur yellow granules may discharge 
Multiple sinuses arc frequent when the skm 
is involved 

Cauterization and packing after complete 
and meticulous excision of all pathologic 
tissue plus massive doses of potassium 
iodide ire the indicated therapeutic meas- 
ures Meticulous and extensive surgery is 
often necessary Visceral lesions often exist 
whicli make any surgical attack on bone 
purely palliative If no visceral lesions arc 
present, and complete excision is impossi- 
ble, (he iodide may hold the process ar- 
rested In extremity cas^ m which neither 
attempted excision nor iodides control the 
condition, amputation may be considered 


COCC1DIOID\L GIL\NULOMA 
This disease, primarily affecting Cali- 
fornia and later the Southwest, is due to a 
mold type of organism that enters through 
the lungs or the «kin, and which involves 
bone secondarily The skm lesions are small, 
crusted nodulea which later cascate and ul- 
cerate, di-^harging a creamy pus The Jung 
lesions resemble tuberculosis The predomi 
nant cell ts, however, a polymorphonuclear 
leukocyte and giant cells contain the spheri 
cal shaped nonnucleated oidium The bone 
lesions resemble tuberculosis The skm Ic 
sions, the lung lesions and the finding of 
the organism m the sputum or in (he pus 
are the factors in diagnosis 
The prognosis is poor because of the gen- 
eralized infection Iodides are not of any 
use, and radiotherapy is palliative but not 
curative Early wide resection or amputa 
Uon is the only hope This is difficult or 
impossible when the vertebrae are involved 
BLASTOM\COSIS 

This infection is much like the preceding 
The pathology and the portals of entry are 
the same The organism is found m the 
sputum and m giant cells m the lesions 
The resemblance to tuberculosis is similar 
to that in coccidioidal disease 
Hic (rcatnieot of the local lesion is the 
same as in that disease, plus potassium 
iodide in massive doses In early cases this 
may be curative General supportive meas- 
ures are of course used The prognosis in 
general is poor 

ECHIXOCOCCUS DISEASE 
This occasionally aflccis bone in the form 
of multiple cysts visible by xray. These 
may become large and break through the 
cortex of the bone Scolices and booklets 
arc not common, as in the cysts in the liver, 
so that diagnosis may be missed on aspira- 
tion Tliere is little or no pam unless a sec- 
ondary infection occurs The blood picture, 
stool findmgjp, and other evidence of the 
disease may make the diagnosis, otherwise 
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exploration, or a pathologic fracture lead 
mg to biopsy, may be the means of diag- 
nosis The frequency of infection m other 
organs makes the prognosis in the treat- 
ment of the bone lesion questionable Early 
and limited cases can be cured by resecbon 
Later and more extensive cases require am 
putation Local recurrence is common after 
inadequate resection The vertebrae are 
among the bones involved and adequate re 
moval of the foa here may be difficult or 
impossible 
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Nontraumatic Affections of Epiphyses 


Ralph K Ghormley, M D 


EPIPHYSEAL SLIPPIKG (SLIPPED 
EPIPHYSES EPIPHYSIOLYSIS 
\DOLESCENT CO\A VARA 
COV\ \NTEVERT\ ETC) 

The treatment of epiphyseal slipping is 
still more or less a matter of controversy 
man} t}pes of treatment have tieen sug 
geslcd none of ivhidi has been accepted by 
all those interested in these conditions A 
survey of the literature leads one to a slate 
of confusion and it must be said that a sur 
genn s personal experience with the various 
types of treatment probably has more to do 
with his viewpoint in selecting types of 
treatment than m almost any other condi 
tion m orthopedic surgery 
The reason for the existing confusion re 
garcliflo treatment is in great part that 
there are at least four stages through which 
a case of epjp]]}'sca] slipping passes each 
demanding a different l>pe of treatment 
Overlapping of these stages leads to vana 
lions of the clinical pictures and only adds 
to the confusion In general there may be 
said to bt. fair!} wi<3e«pread agreement as 
to the Stages themselves which are as fol 
lows (1) Ircbhpping stage (2) stage of 
acute slipping (.5) stage of cliromc slip 
ping and (4) late stage 

PeEStniiNc SrAGE 

Iherc is considerable disagreement as to 
just what is meant b} ihistenn Some claim 
that there is a recognizable stage before any 


actual slipping is present Many others feel 
that what IS called a preslipping stage is 
m fact a stage of slight slipping the earliest 
evidence being slight widening of the epi 
physeal line from the anteroposterior view 
and slight displacement from the lateral 
view often observed only on comparison of 
the affected hip with the normal hip by 
means of roentgenograms taken with tJie 
nip in identical positions 

In many of these cases protection against 
further slipping can be afforded by preven 
tion of neight bearing on the affected hip 
The use of crutches and a high soled shoe 
worn on the foot of the unaffected leg and 
absolute prevention of weight bearing on 
the affected leg are often sufficient The sit 
uatioD must be emphasized to parents and 
patients alike and the utmost cooperation 
demanded If cooperation is lax the physi 
aan can prescribe for use on the affected 
leg some sort of brace or splint such as a 
wolLtng ntto caliper splint or a Taylor hip 
'plint Other t>pes of splints can be used 
according to the choice of the surgeon pro 
vidcd the weight is borne on the ischium 
and weight bearing on the joint and femoral 
neck IS prevented 

Such a program must be carried on for 
a period of months and roentgenographic 
examination to determine the amount of 
union between the epiphjais and the neck 
must be made Once union is fairly well 
established weight bearing may be com 
menced gradually Careful periodic cxatni 


5to 
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nation to determine the degree of umon 
must be made Once union between the 
epjpbj CIS and neck la establiJjed further 
danger of sbpping is past Lntil such umon 
IS demonstrable bowe\er one cannot be 
assured of satisfactorj end results 

Recumbency m bed for a long pienod, 
with traction applied may be used in these 
cases although it is hardly necessary in 
most mstances Some writers recommend 
such treatment however and inMst that it 
IS necessary Aly assoaates and I have 
found that only m the occasional ca.e of 
Simultaneous bilateral slipping vrould this 
be indicated In these caces v\e would hardly 
favor it over the operative treatment to be 
deccnbed later Plaster encasements used 
m these cases can be helpful, but when worn 
ov er the length of time necessary to secure 
umon between the epiphysis and femoral 
neck they may cau^ a considerable amount 
of disuse atrophy and joint fixation, both of 
which are detrimental and unnecessary ex 
cept in the most unusual case 

Operative treatment has been recom 
mended with the arguments for operation 
based on two premises as follows (1) By 
various types of operation do ure of the 
epiphyseal line is hastened (2) intemal 
fixation by means of a metal nail prevents 
and insures against further cbppmg and 
prevents deformity 

Kleinberg and Buchman have recom 
mended receclion of the epiphyceal plate 
Ferguson and Howorlh have advised drill 
mg the epiphy«<al plate through an open 
incision m this way stimulating the proce s 
of dosure of the epiphvseal line In these 
cases m which the condition is in the pre 
shpping stage \\ ilson " has adv ocated em 
ployment of a Smith Petersen nail, intro, 
duced by the method of WestcotU 

Other methods of treatment have been 
advocated such as impaction by tbeCottfm 
mallet as recommended by Jahss This has* 
not been widely used although others have 
reported on its u«e 

From these outlined types of treatment 


my assoaates and I feel that the more con 
servative method of nonweight bearing may 
be safely tned in most cases. There is, how 
ever, one tvpe of condition wherein this 
cannot be used nameiv, simultaneous or 
nearly simultaneous slipping of the epipb 
yses on both 'ides The«e ca^es are not 
of frequent occurrence but one mu«t be on 
the watch for them in all cases of smgle 
clipping and prevent if possible, bilateral 
slij^ing from occurring If this condition 
seems certain to develop we feel that the 
method of nailing as desaibed by Wilson 
should be applied to both hips The technic 
of nailing is in no vray different from that 
Used in treatment of fractures of the femoral 
neck [For technic ^ee Chapter 3S— Ed] 

Stage op Acute Swpprvc 

By this term is meant the relatively rare 
condition m which the epiphysis has be- 
come nearly or totally separated from the 
femoral neck by acute slipping In this con 
diUon, reduction can be accomplished by 
manipulation' ^ Any manipulative treat 
raent, however, must be of the gentlest sort 
Lsually, for this procedure, the patient is 
anesthetized and is supine With the knee 
and hip flexed to an angle of 4^'* on the 
affected side the thigh is rotated gently in 
ward If the rotation is accompluhed easily 
one may be able to demonstrate reduction 
roentgenographically If reduction is accom 
plished a plaster 'ipica should be applied 
The plaster should extend from the co«lal 
margin to the toes on the affected side with 
the foot and thigh internally rotated from 
20 to jO® The pica should extend from the 
costal margin to the knee on the unaffected 
side. Moderate abduction of the affected 
thigh should be maintained in plaster 

If however reduction is not accomplished 

by gcrtl/c manipulation one <ihould not pro- 
ceed With more forceful manipulation but 
^ould abandon manipulation altogether 
because any degree of forceful treatment is 
liLelv not onh to cause damage to the 
epiphysis and epiphyseal line, but to the 
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surfaces of the joint as iiell It is the use 
of forceful manipulation in improperly se- 
lected cases that has brought this procedure 
into such ivide disrepute, rvhereas it has a 
real field of usefulness particularly in the 
presence of acute slipping 

If manipulation fails I feel that open 
reduction of the slipped epiphysis is mdi 
cated In opening the joint the epiphysis is 
found to be completely separated and prac 
tically free of the neck although it may be 
held by a few strands of periosteum usually 
at the posterior and inferior margins 
\fter the joint has been exposed usually 
by means ol the Smith Petersen type of m 
cision (Pigs 409 and 410) the separated 
cpiph>seal portion of the femur is levered 
into Its normal position This is best ac 
complished by inserting an instrument be 
tween the epiphysis and the end of the 
femoral neck (Tig 411) By using a fiat m 

slrument or skid one can slowly and gently Deeper exposure muscles 

rotate the thioh and foot inward until the reflected from wall of ilium, and epi 

pbysis and epiphyseal line are exposed 
through capsule 

bead is in position Again, gentleness must 
be emphasized m handling these tissues 
They are extremely vulnerable and any 
undue trauma may produce an unsalisfac 
tory end result With careful reduction the 
decision must be made as to the use of 
internal fixation Some advocate this and 
others do not Wilson * has been the fore 
most advocate of the nailing procedure, and 
has reported excellent results Others have 
found difficulty m using internal fixation, 
the epiphysis failing to hold in some cases 
and a marked tendency to late changes m 
the epiphysis developing in others this 
change is attributed to damage, possibly by 
the nail It is certainly true that in most 
cases these structures can be held accurately 
without slipping in properly applied plaster 
of pans For this reason, many doubt the 
importance of internal fixation and depend 
entirely on fixation by plaster Such treat 
ment must be carried out for two to three 
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months, during ^hich time the epiphysis 
may become suffiaently \mited to pemut 
removal of the plaster Motion is gradually 
restored by exercises, but weight bearing is 
delayed until apparently complete closure 
of the epiphyseal line can be demonstrated 
roentgenographically 

Stage or Chronic Slipping 
This condition ne\er is treated by ma- 
nipulation Although the epiphysis may have 





Fig 411 Method of levering acutely 
slipped epiphysis into position Instni 
ment acts as a skid and neck is rotated 
mnard gently and adducted until epiph- 
ysis IS replaced m its normal position 

slipped from a moderate to an exUeme de- 
gree, It IS firmly attached to the neck and, 
while it might be detached and replaced, yet 
considerable damage to the epiphysis, epi- 
physeal line, and articular surfaces would 
be done by manipulation suffiaenlly force- 
ful to accomplish replacement Several au 
thors, particularly in England,^® have 
advocated various methods of traction. We 


have not had sufficient experience with this 
type of treatment, perhaps, either to con- 
demn or commend it However, we have 
used it to some extent but we have been un- 
able to convince ourselves of its effective 
ness 

It seems to us that an open operation 
must be performed to correct the deformity 
m these cases Some feel that many patients 
would be better off if untreated This is true 
in some instances but, with improvement m 
operative technic and particularly with 
more care to avoid trauma, we feel that 
better results are being obtained By effec- 
tive treatment in the course of adolescence 
many patients will be «pared trouble later 
in life The late disturbances are even more 
troublesome than those of adolescence 

The mam object of operative treatment is 
restoration of the epiphysis to as nearly a 
normal position a» possible and hastening 
of the closure of the epiphyseal line To 
the latter end some advocate, as in the “pre* 
sbpping” stage, excision of the epiphyseal 
plate Others advocate loosening of the 
epiphysis through the epiphyseal line and 
replacement of the epiphysis in its normal 
position. However, our experience at the 
chmc has convinced Ua that cuneiform os 
teotomy of the neck of the femur just distal 
to the epiphyseal line, with correction of 
the deformity, is the best type of operative 
treatment in the stage of chrome slipping 
(Fi^ 410 and 411) We feel that surgical 
manipulation by instruments must be mini- 
mal to insure the beat result, and that can 
best be accomplished by osteotomy The 
separation of the epiphysis through the epi- 
physeal line IS bound to be more damaging 
to the epiphysis and the epiphyseal line 
than IS cuneiform osteotomy just below the 
epiphyseal line (Fig 412) 

The question of the use of internal fixa- 
tion after osteotomy or replacement of the 
epiphysis must depend on the surgeon’s ex 
penence with the method Some strongly 
advocate its use, the technic must be ap- 
proximately the same as that of internal 
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fiutjon of fractures of the femoral neck 
Many orthopedic surgeons feel, however, 
that internal fcxation is not necessary After 
replacement of the epiphysis, or after os 
teotomy, a plaster*of pans spica, carefully 
applied ^\lth the knee slightly flexed and 
the thigh in slight internal rotation will 
prevent slipping will insure closure of the 
osteotomy line and thus mil lead to good 
healing 

Such fixation should be raamtamed for 
two or three months and as in cases in 
which open reduction has been performed 
for acute slipping exercises are commenced 
at the end of eight to ten weeks to promote 
return of motion of the knee and hip Pull 
weightbearing should be prevented until 
one can demonstrate roenigenograpbically 
fairly complete closure of the €piphy<ieal 
line 


Lxte St ACC 

Many patients witli slipped epiphysis are 
seen loo late for treatment By too late 
ne usually mean after the eptph>’seal line 
has closed Some patients may appear for 
examination in late adolescence but most of 
them will appear m adult life when owing 
to stresses and strains on the maladjusted 
joint Surfaces and sockets s>mptoms de 
velop which demand treatment Ginserva 
live measures at this stage are of hltle use 
except to relieve severe episodes of pain 
temporarily Pam usuall> is dependent on 
activity If the patient can be content to 
lead an inactive life often walking with 
crutches and using local heat and massage, 
he ma> not experience many symptoms 
However, most patients are not content to 
be invalids, and demand treatment Often 
they are willing to submit to surgical treat 
ment m order to secure relief Such treat 
ment has been shown to have had varying 
success Osteotomy, arthrodesis, acelabulo- 
plastj, and arthroplasty arc the procedures 
most often used 

Osteotomy This is of value in many 
cases and is more often recommended in 


cases which have reached the late stage 
fh ffl ti any other sort of procedure The most 
commonly used type of osteotomy in this 
country is the Schanz osteotomy, elaborated 
by Pauwels Others m use are the Gant 
operation, a linear subtrochanteric os 
teotomy Sfany other types of osteotomy 
have been recommended by other authors 
An excellent summary of the different types 
of osteotomy can be found in an article by 
Hue How permanent the results of these 
operations may be, m so far as relief of pain 



Fig 412 Line of cuneiform oste 
olomy used in restoring position of 
epiphj'is in stage of chronic slipping 
(After Ghormley, R K , and R D 
Fairchild Jour Amer Aled Asso . 114 
229 23S ) 


djiMpvutiia coui-eineu, is uncer 
tain, because m many of these cases not 
enough time has elapsed to allow results to 
be ascertained (See Chapter 15 for types of 
osteotomy — Cd ] 

Arthrodesis mde in a)l probability 
those patients with the most inlractaWe 
pam will respond best to arthrodesis, this 
procedure has its limitations, (or it is not 
adaptable to cases o( bilateral slipped epiph 
JSCs Alany inditiduals are not satisfied 
to go through hfe with an anlylosed hip 
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and, for this reason, we feel that much ef- 
fort must be put forth to improve and de- 
velop more conservative tj-pes of operation 
[Types of arthodesis of the hip are de 
scribed m Chapters 7 14, and IS — Ed J 

Acetabuloplasty This procedure was 
recommended by Smith Petersen*^ in 1956 
and has been used considerably since then 
\Vhile it does not produce the ideal result, 
it IS felt that It has a place among operative 
procedures and may give considerable re 
lief m many cases of painful hip caused b> 
old slipped epiphyses [See Chapter 15 — 
Ed] 

Arthroplasty While most types of ar- 
throplasty have not been popular in treat 
ing patients wath slipped epiphjses, vve feel 
that the vitallium cup arthroplasty, as de 
scribed by Smith Petersen,^* may be of 
value in some cases It has not as yet had 
sufficient trial to justify any final conclu 
sions regarding its efficiency [See Chapter 
IS -Ed ] 

LEGG CALVE PERTHES DISEASE 

Treatment of Legg CaJve-Perthes disease 
is mainly one of protection of the affected 
epiphysis during the active stage of the 
process Once the diagnosis has been made, 
a program of treatment should be outlined 
to the parents Patients who have acute pain 
may need more active treatment than 
others By this we mean that patients ex 
hibiting symptoms of pain and muscular 
spasm should be put to bed with traction 
applied until such spasm and pain have 
subsided If spasm is not severe enough to 
produce deformity, a plaster «pica can be 
applied and the patient’s s>mptoms reheved 
in this manner However, such treatment 
should be maintained only for a temporary 
period 

in all instances it is important to explain 
to the patient that his condition must be 
watched and treated for two to four years 
During this period the head and neti. of the 
lemur undergo certain changes, if weight- 
bearing during this cycle of changes la 


absolutely prohibited, restoration of the 
epiphysis to fairly normal size and shape is 
fairly certain to follow Danforth demon 
strated this m a senes of patients treated bj 
rest in bed or by use of the wheel chair 
With cooperative parents much can be ao 
comphshed, but the method may be eco 
nomically impossible in many instances If 
children cannot be given care m bed during 
the necessary years, the use of crutches, the 
wearing of a high soled shoe on the un 
affected foot, and absolute prohibition of 
weight bearing on the affected side will re 
suit in apparently good healing with little 
deformity of the head 

From time to time, operative treatment 
has been recommended, but it has not been 
widely accepted Bozsan* in 1932 recom 
mended drilling from the femoral neck into 
the epiphysis for this condition, without re 
porting any end results Ferguson and 
Howorlh,* reporting on a similar procedure 
recommended for use in the early stages, de 
scribed their operation as follows 

The hip IS exposed through a Smith Peter«en 
incision, and the capsule is incised anteriorly 
The hip IS then inspected and specimens ol 
synoviaJ membrane and capsule are taken \ 
small window is cut in the cortex of the 
femoral neck piovimally (the bone and pen 
osteum are retained for the laboratory) 
Through an opening several holes are drilled 
with curved awL and carets into the femoral 
head in various directions The opening is 
closed with a bit of muscle to prevent bleeding 
into the jouit Careful hemostasis and anatom 
ical closure are made, and a snug adhesive 
strapping and a flannel spica are applied 

In the same article the authors reported 
the use of this operation m cases of coxa 
plana (IS hips) They stated that the opera 
tion produced the following results 

The repair in the bone began immediately, 
no new areas of increased density developed 
the rqiarative stage was greatly shortened the 
dimcal condition always improved The hip 
may become perfectly normal clinically and 
roentgenographically, this result has not been 
ob^rved in patients who have not been oper- 
ated upon, except m abortive coses 
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Further reports from such operative pro 
cedures should be forthcoming perhaps it 
IS the best method of treatment It has >et 
to be widely adopted End results from con 
servativc procedures while not perfect are 
so satisfactory as to make operation seem 
unnecessar> unless striking results can be 
obtained 

ADOLESCENT ROUND BACK 
Acute Phase During the period of onset 
and the acute phase of this condition the 
most important point m its treatment »s 
complete rest preferably m bed with a 
Bradford frame used to insure extension 
and correction of any deformity The im 
pression that some element of focal infec 
lion IS responsible for this condition has 
gained so much ground that removal of 
foci seems important A period of treat 
ment in tlic hospital m recumbency on a 
Bradford frame curved to give hyperexlen 
Sion to the affected portion of the spinal 
column should accompany the removal of 
foci of infection The period over which re 
cumbenev should be maintained cannot be 
stated exactly as the time necessary for 
healing is uncertain In general the practice 
has been to continue such recumbency until 
all evidence of muscular spasm has sub 
sided and then to allow the patient to be 
ambuhtory for i few hours each day wear 
ing a Tijlor back brace or a corset with 
heavy steel stays and shoulder straps Such 
supports should be worn for one or two 
years During this time the patient should 
continue active daily exercises which (end 
to develop the erector spinae group of mus 
cles and to stretch the spinal column the 
patient lies on a hyperexicnded frame or on 
a stiff bed with the back arched over a 
bolster or pad Moreover periodic physical 
examinations and repeated roenlgenograpbic 
examinations should be earned out in order 
to follow the course of Uie disease 
When the margins of the vertebrae again 
have become more or less continuous heal 
ing IS complete There may then be "mme 
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relaxation m the program of treatment We 
believe however that examination should 
be earned out from time to time until late 
adolescence as neglect may lead to the de 
velopment of a severe permanent round 
back deformity and one that may be 
difficult to treat Plaster jackets can be used 
instead of braces These should be applied 
carefully with the patient m hyperextension 
on an apparatus such as the Coldthwait 
frame Such treatment precludes the possi 
bility of exercises and other benefiaal physi 
cal therapy Under circumstances where co 
operation of the patient m such measures 
cannot be assured a plaster jacket ntay be 
used as it means a better protection against 
an increase in these patients deformity 
Late Phases During the late phases of 
the condition either m late adolescence or 
adult life an occasional patient has severe 
persistent pain If it can be demonstrated 
that such pam is of postural cause that is 
if It IS relieved by rest and increased by 
activity a spinal fusion or bone grafting 
operation may be performed to fix the af 
fected portion of the spine [The tcchnic of 
spinal fusion is described m Chapters 6 7 
and 14 —Ed ) 

OSGOOD SCHLVTTER DISEVSE 
This condition usually affects patients m 
early adolescence and repasenls an acute 
strain of the epiphyseal portion of the (ibial 
tubercle secondary to the pull of the paid 
lar tendon attachment to that tubercle 
During the acute phase rest is the most 
important part of treatment An adhesive 
plaster strapping applied along the anterior 
surface of the knee crossing at the level of 
the tubercle and reinforce 1 wiUi semi clas 
tic bandage is usually sufficient to limit 
flexion so that pain will be prevented and 
if worn over a period of weeks will permit 
healing to lake place Occasionally it is ncc 
cssary to reinforce such a dressing with 
some form of posterior splint to prevent 
flexion of the knee A circular plaster may 
be used, but is seldom necessary Because 
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of atrophy resulting from disuse accom 
panying such treatment, it is unwise to use 
prolonged fixation in plaster in cases of this 
type 

The most important part of the treat- 
ment IS a word of precaution to patient and 
parent alike against strenuous activity dur- 
ing the acute and subacute stages of the 
disease Any participation m violent exer- 
cise will keep the symptoms active and will 
lead to a more chronic phase, which may 
become more troublesome Usually strict 
precautions against such activity will help 
in preventing the frequent recurrences 
which lead to the more chronic stage 

In this condition, a* m Legg Calve- 
Perihes disease of the hip, operation has 
been recommended from time to lime Boz- 
san* has described a drilling procedure 
whereby one or two channels are drilled 
through the disease area indicated on the 
roentgenogram, into the cancellous upper 
end of the tibia He reported that in six 
cases treated in this manner the clinical 
symptoms subsided m three or four weeks 
and that complete bony restoration was 
demonstrated roentgeoograpbicaliy as early 
as seven weeks after operation 

Bosworth recommended pegging of the 
epiphysis of the tibial tubercle with autog 
enous bone pegs in order to obtain the 
same end He recommended his procedure 
in cases of long standing As is the ca^e in 
Legg Calve-Perthes disease, this operation 
has not been widely used Most patients will 
recover without disability if the conserva 
tive treatment previously outlined is con 
tinued for a reasonable period 

An occasional case may be encountered 
in which a portion of the epipb>sis ap- 
parently becomes detached and later on 
may appear as a loose body Removal of 
such loose bodies is indicated when they are 
causing symptoms Plastic procedures to re- 
duce the size of the tubercle m the late 
stages of the condition are, m general, not 
successful and should be undertaken only 
m cases of marked deformity or after adult 


bfe has been reached and all epiphjseal 
growth has ceased 

APOPHYSITIS or CALCANEUS 
As in Osgood Schlatter disease, this con 
dition IS largely the result of excessive 
strain but in the condition under considera- 
tion here the strain is exerted on a hyper 
sensitive heel , mild trauma may irritate the 
apophysis of the calcaneus Most cases are 
encountered when the patient is m early 
adolescence, symptoms are relieved by 
test Proper shoes with sponge rubber m 
side heel pads, and limitation of activities, 
particularly running and jumping, will af 
ford sufficient relief m most cases In some 
cases symptoms will persist for several 
months but on careful inquiry it will be 
found that the program has not been stnctly 
adhered to, particularly that part of it 
which relates to limitation of activity 
Operation is practically never indicated 

KOHLER’S DISE\SE 
This condition of osteochondntis of the 
tarsal navicular bone is similar m its etiol- 
ogy to lho«e discussed previously Usually 
support by means of strapping with adhe- 
sive plaster and wearing properly built 
shoes will suffice to relieve the condition 
The same restnction regarding activity 
should be followed as in the other condi- 
tions An occasional patient may need fixa 
tion in a pla'iter boot for a period of a few 
weeks to three or four months It is impor- 
tant to remember that tuberculosis may 
simulate this condition and that occasion 
ally tuberculosis affects this bone 
Campbell recommended fusion of the 
talonavicular and calcaneocuboid joints if 
persistent, painful, traumatic arthritis ex- 
ists after subsidence of the acute stage of 
Kohler’s disea'^e. [For techmc of these pro- 
cedures, see Chapters 3 and 7 —Ed ] 

FREIBERG S DISEASE 
Patients with infraction of the head of 
the second metatarsal bone usually are 
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adolescent girls The use of proper shoes 
\\ith a transverse bar or pad to relieve pres 
sure on the sensitive metatarsal head is the 
treatment of dioice in the acute stages of 
this disease The same inslructions as to 
activity apply here as in the other fonns 
of osteochondritis Late in the disease a 
loose body may appear in the jomt and its 
renioial is indicated Occasionally the meta- 
tarsal head is persistently painful and re- 
moval of the head may be recommended 
Such a procedure must be advised with 
caution, and should be avoided if possible, 
as good results are not always obtained 

EPIPHYSITIS 

There are, m addition to the previously 
mentioned types of epiphysUis, usually 
termed osteochondritis, certain types of 
acute suppurative epiphysitis Tliese are 
often not easily distinguished from either 
acute suppurative arthritis of the adjacent 
joint or from acute osteomyelitis of the 
adjacent metaph>5is Usually Uie condition 
IS not recognized until it is well established 
and extension has taken place into the ad- 
jacent joint Drainage of the infected joint 
IS the first step in the treatment In some 
cases drainage of subperiosteal abscesses ad- 
jacent to the affected epiphysis may be in- 
dicated After drainage is established one 
must watch for subsequent epipliyseal 
changes 

In some instances in which the upper 
femoral epiphjsis is involved the entire 
epiphysis may become sequestered and 
separate In one instance in my expenence 
It migrated after separation along the psoas 
muscle to the upper lumbar region If com 
plete necrosis of the cpiphj sis is noted, te- 
moval Is indicated Care must he taken to 
avoid pathologic dislocation of the hip If 
this seems imminent, fixation in a plaster of- 
paris 'pica is indicated, with the hip in ab- 
duction and slightly rotated internally until 
the capsule of the hip joint has contracted 
suflicicnlly to prevent dislocation Anky- 
losis can be prevented but 'ome shortening 


of bone cannot be avoided m these cases 
If only slight motion remains and pam is 
persistent, arthrodesis of the hip is indi 
cated JEor technics, see Chapters 7 14 and 
15 — Ed } If partial destruction of the 
epiph>«is or of the epiphyseal line Ins 
taken place as a result of infection the pi 
tient must be under observation throiighoui 
the period of growth of that ep]ph>sis and 
if possible, the deformity of bone iJiat mav 
result must be prevented Later, ostcotom) 
to correct such deformities should be per 
formed 
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Amputations, Disarticulations, and 
Prostheses 

Paul C Colonna, M D 


Part 1 General Conuderattons 


/Vmputations and disarticulations are 
procedures that should never be undertal^en 
lightly Every effort always must be made 
to preserve and conserve even a partially 
functioning joint The site of amputation is 
a tremendously important decision for the 
surgeon to make at times and the sites of 
election will be described later 
‘Nleticulous conservatism toward preserv 
ing length is of practical importance par 
ticularly in the upper extremity for here 
the finer movements are so constantly in 
use that no type of prosthesis can very 
closely approach the value of a normal 
joint The excellent results obtained by the 
aneplastic amputation for upper extremi 
ties have been described by Dr Kessler in 
another section (See Chapter 21 ) 
Amputations and disarticulations have 
been done for centuries but only since the 
First World War has there been an increas- 
ing rapprochement between the surgeon and 
the limb maker This intensive follow up in 
the care of the patient by the operating 
surgeon is of inestimable value to all people 
concerned It is not sufficient that the sur 
geon doing this type of work should be 
familiar only with the operative details in 
vohed Manj times the problems of the 
hmb-makcr will be better appreciated if 
the surgeon understands and is sympathetic 
with the difiicuUies involved in htting these 
limbs with prostheses The surgeon, by 


carefully conserving tissue, may be able to 
give length to a stump, or just as easily 
decrease the limb by a few inches either 
of these procedures may later help with 
the prosthesis problem 
Some amputations are done for purely 
cosmetic reasons and these are the ampu 
tatioos of choice Amputations of super 
numerary fingers and toes are done largely 
for cosmetic reasons although occasionally 
these useless members bother the patient 
m hiS daily routine activities In the cose 
of a congenital anomaly, such as the ab 
sence of one or more bones the surgeon 
may operate in order that the patient may 
discard cumbersome and complicated ap 
paratus and thereby permit fitting with an 
artificial limb closely resembling the nor 
mal extremity It js not, however, for cos 
melic reasons that the majority of ampu 
tations are done 

In any amputation the surgeon must 
constantly keep in mmd that the function 
of the part may be improved by a partial 
or complete ablabon of the limb In cases 
of chronic infection such as osteomyelitis 
the patient may not only be able to be nd 
of the infected member which is a source 
of constant danger, but also he may be en 
abled by the operation to return to his job 
as a wage earner with his health greatly im 
proved We also amputate in cases of severe 
cnishuig injuries in which it is obviously 
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impossible to expect anj thing resembling 
a return of normal function i\nother cause 
for amputation will be found m those con 
genital and persistent nonunions of the leg 
which have resisted all attempts at bone 
grafting, and in the so-called congenital 
pseudarthrosis of the bones of the leg In 
another section of this book amputations 
for vascular disease of the extremities will 
be discussed Trauma congenital condi 


At times an amputation will have to be 
done hurriedly m order to save hfe, but as 
a rule the surgeon has time to plan the site 
of amputation or disarticulation and evalu 
ate the problem arising in the individual 
case The «ite of operation and the techmc 
employed may depend somewhat upon the 
future economic status of the patient A 
patient who expects to engage m hard 
manual labor will be much better off with 



Fro 413 (Left) Bilateral supernumerary bttle toes 
Fig 414 (Center) Congenitd anomaly of ngbt leg and foot necessi 
tating amputation 

Fig 415 (Right) Sbovving amputation stump of patient «hovni in 
Fig 414 six months after operation 


tions infection roahgnant growth, or vascu 
lar disease make up the great majonly 
of cause® for amputation or disarticulation, 
as can be seen by the following chart 
kw ?. <««. shotj/i make »etv 

effort to retain the affected member and 
advise amputation only when absolutely 
necessary 

Cause for Amputation in 70 Cases 



No of 



Cases 

cj, 

Trauma 

20 

28 6 

Congenital condition 

9 

128 

Infection 

12 

171 

Mahgnant growth 

16 

22 8 

Vascular disease 

IS 

16 7 


70 

1000 


an end bearing stump for this type will 
withstand better the wear and tear of ac 
live vigorous life On the other hand, an 
individual engaged in sedentary occupa 
tiQtt may ha much batjLec off with, a sturoij 
lequinng a tj-pe of prosthesis that is com 
pletely different 

Too frequenll) the surgeon has been satis 
fied if the wound has healed per priraam, 
being unwilling to assume the responsibihty 
of seeing that the individual has an ade 
quate preparation for his prosthesis and of 
seeing that the patient is fitted with the most 
'atisfactory t^pe of prosthesis possible for 
his particular problem Too frequently these 
casually treated patients are allowed to 
drift into purchasing an appliance sold by 
high pressure sales methods that usually 
proves unsatisfactory 
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WHEN TO OPERATE 

CoMJiiioNs jMakinc Operation 
Necessasv 

General Considerations The time to 
amputate or disarticulate may wtW depend 
upon the underlying cause for the proce 
dure In cases of a crushing injury to a 
part, the limb may be so mutilated that 
amputation is immediately necessary These 
injuries are commonly motor or industrial 
accidents and while crushing of the bone 
and tearing of the soft parts may be ex 
lensue these are not in themselves absolute 
indications 

The wound should be carefully and pa 
tiently cleaned with normal saline solution 
followed by intelligent debridement if 
there seems to be any possibility of pre 
serving in whole or in part the function of 
the extremity In fresh gunshot wounds am 
putalion IS rarely an emergency measure 
although if there is complete severance of 
blood vessels and nerves complicating these 
wounds the operation may be necessary 
\dequate surgery will often retrieve many 
apparently hopeless limbs Uncontrollable 
hemorrhage from the crushed area ts a 
primary factor for deciding upon early am 
putalion 

Infections It should be remembered 
Uvat unless there is an overwhelming infec 
tion amputation can be reserved for a later 
date in most of the cases of severe injury 
With the rapid advance of chemotherapy 
using sulfanilamide or some of its deriva 
tucs as well as of radiation therapy m the 
treatment of severe compound fractures 
amputation will be more rarely resorted to 
as an immediate procedure WTien and if 
U becomes obvious that retention of a 
severely injured member is hazardous to 
life one should not delay operation The 
surgeon should rapidly decide the site of 
amputation suitable for the individual, as 
a rule cmplojing the flap method and not 
the guillotine technic. 

In chronic long standing infections tn 
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volving part of an extremity, it may be 
obvious that ablation of the extremity will 
not only improve the general health, but 
also will be an economic factor in permitting 
earlier return to work In Bactllus isielchn 
infection amputation is not so frequently 
resorted to as formerly, for statistical stud 
les have shown that few lives are saved by 
amputation that cannot be salvaged by less 
radical procedure If however, amputation 
»s decided upon it should be early m the 
progress of the infection 

Gangrene Dry or moist gangrene of a 
part may follow certain conditions such as 
diabetes frostbite various types of vascu 
lar disease such as tlirombo angiitis obhter 
ans arteriosclerosis etc making amputa 
Uon necessary In these gangrene cases it is 
wise to allow a definite line of demarcation 
to become established before surgically re 
moving the part Much tissue will be saved 
by this method and the choice of site for 
amputation more satisfactorily determined 

Tuberculosis Tuberculosis of the adult 
joint especially the ankle and tarsal bones 
complicated by abscess formation and joint 
destruction will give rise to a permanent 
loss of function m the joint When the dis 
ease is so complicated and involves the 
ankle or foot m the adult amputation in 
the lower third of the leg is felt to be the 
treatment of choice This radical type of 
surgery is rarely necessary in a child suf 
fering from joint tuberculosis [See Tuber 
culosis Chapter 14 — ) 

Crushing Injuries In severe crushing 
injunes the general condition of the patient 
may frequently present the more urgent 
problem In those rare instances in which 
amputation ma> be necessary at the scene 
of disaster, as m accidents caused by the 
pinning or imprisoning of a member, the 
amputation may have to be done under 
conditions far from satisfactory As a rule, 
however, even emergency amputations or 
disarticulations can be done m hospital sur 
roundings 

Congenital amputations of a hand or 
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foot usually need some revision before Ihe 
application of a prosthesis It is to be 
stressed that in these congenital amputa 
tions of a part there is found more scar 
tissue and less actue muscle tissue than in 



Fic 416 Congenital amputation of 
bands and right foot 


amputation stumps follomng surgery Also, 
these patients should be fitted with their 
limb early in order to tram them in its use 
when young 

General Rules Regarding Shock 
The general condition of the patient 
should be treated by the accepted methods 
of treating shock either preceding or dur 


tng the operation As a rule a low blood 
pressure and rapid pulse are synonymous 
with a poor general condition In addition 
to these signs the \ olume of the pulse, the 
temperature and color of the skin, the pres 
oice of sneatmg, combined ivith the general 
appearance of the patient, mil permit an 
estimate as to whether or not the patient 
IS m shock These objectiie signs are of 
great value 

If time permits a more complete investi 
gallon concerning any cardiac, renal or 
pulmonary disturbance should be made in 
order to arrive at an accurate prognosis for 
ultimate recovery As a rule, in the presence 
of a severe injury, the state of the periph 
eral circulation offers the most reliable 
index of the general condition of the pa 
tient rundameDt3ll> the treatment ■should 
be directed toward stimulating tlie re e&tab< 
lishment of the blood flow to the tissues of 
the body 

The actual loss of blood may be iluough 
external hemorrhage as well as through the 
loss of blood or plasma into the trauma 
tized area Deh>dration sweating and 
other loss of body fiuids will bring about 
a reduction of blood volume so that the 
re-esiablisbment of an adequate volume of 
arculaUng blood is most necessary Trans 
fusions of whole blood should therefore 
be done at the earliest moment and the 
universal emplo^'ment of a blood bank 
permits this treatment to be done earlier 
than formerly was the case Trequent trans 
fusions of 300 to 500 cc are more effective 
than the administration of a larger trans* 
fuMon m one sitting 

Next in importance to the transfusion 
of whole blood comes the administration of 
blood plasma or serum, saline, or 5 per cent 
glucose The latter fiuids can be forced by 
mouth or rectum, they are better handled 
by the body when given intravenously Of 
course, if there is a suspected paralytic 
ileus fluids by mouth or rectum are not 
advisable The character of the pulse is a 
fir more important and reliable index re 
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gardmg the paUenl’s condition than is the 
s>stolic blood pressure With the constnc- 
lion of the peripheral arterioles the distn 
bution of tlie blood is diminished, and while 
the u'e of stimulating drugs such as adren 
aim temporarily raises the blood pressure, 

It IS done at the expense of the circulation 
m the peripheral tissues Often, therefore, 
tlie administration of drugs may accenlu 
ale the condition of shock rather than aid 
Manipulation of a badly injured extrem 
ity while the patient is in surgical shock 
IS harmful Nerve centers can be most sat 
isfactonly protected by the use of a local 
anesthetic if an amputation or disarticula 
tion during shock seems advisable Also, 
m shock, the application of heat to the 
body m any form is useful, and hot blan 
kcts and hot water bottles should be rou- 
tinely available In addition to the appli 
cation of warmth to the body, elevation of 
tlie foot of the bed and absolute rest, as 
far as possible, are of prime importance 
The problem encountered in traumatic 
shock, therefore, is essentially due to a re- 
duction of body fluids available in the 
penpheral tissues and every effort should 
be made by intravenous medication, or by 
other means, to fortify the body with adc 
quate fluids, supplying the body with the 
needed external warmth, and keeping the 
administration of stimulants at a minimum 
because of inlierent danger (See also Chap 
ter 22 ) 

WHERE TO OPERATE 

Sues of Election in Upper and 
Lower Extremities 
Having deaded that the conditions re- 
quiring amputation or disarticulation have 
been fulfilled and that Ibc ixitjcnt is m a 
satisfactory general condition, the next 
thing to be decided is the most desirable 
site for operation <\s has been mentioned, 
our dcci'.ion is based upon the ultimate 
function to be anticipated The sites of 
election m the lower extremity can be more 


clearly defined, for primarily we are there 
concerned witli weight bearing In the upper 
extremity real advance Ins been made by 
the aneplastic amputations which are de 
scribed elsewhere [See CineplasUc Am 
putatioii, Chapter 21 —Ed ] As a rule it is 
more advantageous to preserve length in the 


$**•( t ad «Ar«r w^uUt OM Sit ot •• Utnfsr tni 

Fio 417 {Left) Showing site of elec 
tion for amputation m upper extremity 
based upon best functional result to be 
obtained 

Fig 418 (Rij/it) Showing site of 
election for amputation in lower ex 
treniity, based upon best functional re 
suit to be obtau ed 

Upper than m the lower extremity The 
Sites of election of the upper and lower 
extremities are sliown in Figs 417 and 418 
Disarticulation at the hip, knee, or anUe 
Is particularly difficult to treat by any 
form of prosthesis If it seems necessary to 
disarticulate at the ankle, a far more sat 
isfactory slump for fitting with an artificial 
limb can be obtained if llie amputation is 
done above the ankle at the middle third 
of the leg, ordinarily seven inches below 
the knee is considered the site of election 
Disarticulation at the knee should not be 
So heartily condemned as it has been in the 
past, for a properly fitting prosthesis of the 
type shown in Dg 419 gives satisfactory 
control and has the great advantage of not 
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requiring straps about the shoulder or chest 
to hold It m place, although a band about 
the waist may often somewhat control 
the rotation of the prosthesis As regards 
the hip joint disarticulation, it is ne\er the 
method of choice, but occasionally m the 
case of a malignant bone tumor it may be 
necessary Following such disarticulation, a 



Fio 419 Showing a knee bearing 
prosthesis which is satisfactory for the 
end bearing stump following disariicu 
lation at knee 

table tilt type of prosthesis is the most prac 
tical type and can be a very satisfactory 
appliance 

As a rule disarticulation stumps do not 

limb as well as amputation stumps Careful 
fitting of an artificial limb that will prove 
satisfactory for disarticulation stumps is 
both expensive and difficult Disarticula 
tions should not be entirely condemned, for 
in certain selected locations, such as the 
knee, a satisfactory prosthesis can be made 
In certain cases of malignant bone tumors, 
disarticulation at the proximal jomt of the 
affected bone seems to delay the course of 
the disease better than amputation It is 
justified sometimes even in «pUe of the 
acknowledged difticulties of fitting the pa 
tient with a satisfactory prosthesis 


Fuiuse Occupation of Pattent 
111 any consideration of amputation or 
disarticulation it is of the utmost impor 
tance that the future occupation of the 
patient should be given full consideration 
If It IS not an emergency operation, it is 
wise carefully to explain to the patient the 
steps necessary before he can return to his 
job as a wage earner The judgment of the 
surgeon will have to decide the most satis- 
factory site for the particular problem 
keeping in mind that as far as possible the 
sites of election as diagrammed should be 
followed Many times the final decision may 
rest upon the fact that one patient is to 
lead an active, vigorous, physical existence 
and another is to pursue a sedentary occu 
palioo 

Local Condition 

The appearance of the local condition 
making the amputation necessary will be 
another factor that will decide the site of 
election In extensive osteomyelitis of the 
tibia in which the site of election ordi 
nanly would be the middle third of the 
leg, It may be necessary to disarticulate at 
the knee joint or above because of the risk 
of subsequent residual bone disease There 
may be marked scarring at the proposed 
site of operation, or some local skin irrita 
tion, or infection, any of these may prove 
to be the deciding factor Whenever possi 
hie we should pian a’long the lines of certain 
general principles and rules, but we must 
be guided fay the fact that we are dealing 
with individuals The advantages and dis 
advantages of the sites selected must be 
balanced, but experience has shown the 
wisdom of adhering to the sites of election 
05 far as posMble 

HOW TO OPERATE 
Tzcumc in General 
Flap Method This is the method most 
commonly employed, and various types of 
flaps are used The anterior flap as a rule 



HOW TO OPERATE 523 


iS loni,er than Uie posterior in order that 
the scar may not be on the end of the stump 
This l>pe of flap is particularly useful for 
the weight bearing stump, for if the anterior 
and posterior flaps are of equal length the 
scar will be terminal This is not so un 
desirable m the upper extremity as m the 
loner Jhe skin flaps should be quite long 
so that the fascia, muscles and lastly the 
end of the bone are adequately covered by 
an even cushion of soft tissue Those in 
experienced in amputations will find they 
are apt to make their skm incisions higher 
than desirable, frequently falling into the 
error of making the incision at the level of 
the anticipated bone end, ibcreby being 
forced e\entuall> to divide the bone higher 
than is necessary If the anterior flap is 
made approximately the diameter of the 
limb longer than the posterior, a salisfac 
tary skm closure can usually be obtained 
the fascia muscles, and bone tissue divided 
transversely at half inch higher levels, re 
specUvely, will permit a conical shaped 
stump Kirk recommends that slump 
lengths should be sacrificed to give ideal 
skin flaps but advises that the suture line 
be alloivcd to fall where it will and that 
available viable skm be later grafted to fill 
m any gap if necessary 
Racket Incisions In the disarticulations 
there are various types of racket incisions 
empfojed This type of incision for the 
smaller joints and for the hip and shoulder 
joint is described later in more detail They 
permit easy access to tlie joint and allow a 
satisfactory closure of the wound Here 
again the tendency is to cut the skm too 
short or to conserve the muscles msufli 
cicntlj to form a soft cu<;hion at the site 
of the disarticulation It must be borne in 
mind that fascia is. inelastic tissue while 
muscle is elastic, and that ordmanly these 
structures are fashioned to correspond with 
the skm flips <;a that a snug, but not too 
light, closure should be antiapatcd la sec 
Uomng muscles, a conical stump is the ideal 
to be kept m mind, and not a bulky, 


squarely shaped mass of muscle tissue which 
will not fit comfortably within the pros 
thesis If, therefore, the muscle flaps are 
trimmed down and antagonistic groups of 
muscles sutured together over the end of 
the bone to form a moderately padded 
stump, the result will be much more satis 
factory Certain muscle groups have a 
greater tendency to contract than others, 
this IS particularly true of adductors of the 
thigh This must be kept m mind 
Use of Histamine Flare Test In cases 
in which amputations are required m circu 
latory diseases, the histamine flare test has 
been found very useful to determine the 
site of election Histamine hydrochloride 
l/l,0(X) is the substance used in the test 
The subject is placed facing strong daylight 
with the extremities bare A wheal Yt cm m 
diameter is made subcutaneously at the fol 
lowing levels (1) Ankle, (2) mid lower 
leg (3) just below the knee (4) just above 
the knee (5) midthigh, (6) opposite limb 
at same levels (control) Care should be 
taken to place tbe wheals m skm which has 
some underlying subcutaneous tissue, as the 
skm overlying bone will not give a true 
response After an interval of five minutes 
the area of both the wheal and the sur 
rounding flare are outlined with ink and 
copied on tracing paper to serve as a perma 
nent record The wheal will be small and 
the flare will vary from H mcli to 3 inches 
or more in diameter, according to the con 
diUon of the arculation, using the opposite 
limb as a control From a comparison of the 
size of tbe wheals and flares one may decide 
the optimum level for amputation 
With these arculatory cases the skm flaps 
and fascia are cut by the flap method and 
then a circular division of the muscles may 
be done After dividing the bone the mus 
des are pulled over the end of it and held 
by purse string sutures , in these cases the 
prognosis is poor for handling any type of 
prosthesis 

[See \mputations m Diabetic and Circu 
latory Cases, Chapter 20 — Ld j 
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AlfESTUESIA C0^S^)ERATI0NS 

■Imputations bj the early surgeons are 
reported to have been done in an incredibly 
short time but it must be remembered most 
of these were guillotine amputations, no 
aseptic precautions were taken, and httle 
effort made to carefully control the bleed 
ing except m the larger vessels Infection 
following the operation ■was therefore the 
order of the day Speed of operating is even 
today a very important factor in this t)!^ 
of surgery, and because many of these pa 
Uents who come for amputation or disarlic 
ulation are poor ri:3ks the anesthesia suita 
ble for the individual case must be carefully 
considered 

In those jatients without arteriosclerosis 
or kidney complications, cyclopropane is 
regarded as the anesthesia of choice Ni 
trous oxide is not considered satisfactory 
and certainly the intravenous injection of 
an anesthetic in the face of a kidney or bver 
damage is contraindicated 

If the patient is a robust, middle aged 
individual in good general condition, any 
type of anesthesia may be satisfactory, al 
though we personally prefer cyclopropane 
or ether The intravenous anesthesia, while 
eliminated rapidly, has certam dangers 
There is no fixed dosage with it, although 
computation can be reasonably arrived at, 
based on the body weight In the very 
elderly and the very young it has some risks 

Spinal anesthesia with novocaine or pro* 
came if properly bandied is a safe anes- 
thetic By using this medium the anesthesia 
can be so localized that only one of the 
lower extremities is anesthetized If, how 
ever, we are dealing with an apprehensive 
patient, we feel that spinal ane>thesia is dis 
tinctly contraindicated because many times 
these patients are restless and their nervous- 
ness will interfere with the operative proce- 
dure 

Block anesthesia is not considered prac 
tical for amputations or disarticulations It 
requires a good deal of detailed nerve block. 


mg and is unnecessarily tedious for the type 
of operation proposed 

Local anesthesia, 0 5 per cent novocaine 
with six to eight drops of adrenalin per 
too cc of novocaine, may be employed in 
amputating a smaller jomt if there is any i 
contraindication to general anesthesia It is 
not, however, recommended m the larger re- 
gions of the body, for it requires so much 
drug that a certain amount of toxiaty may 
ensue 

In summary as a rule, cyclopropane is 
regarded as the most satisfactory anesthetic, 
as It IS a moderately safe and easily con 
trolled anesthetic If it is not available, we 
prefer an ether anesthetic. 

Method of Opeeatiov 

The hmb is prepared as well as the ar 
cumstances will permit, \ inbber tube type 
of tourniquet is then applied well above the 
antiapated site of division of the bone and 
doubled several tunes about this level of the 
limb It IS tied so that it will hold firmly 
and can be removed with ease toward the 
end of the operation The patient is then 
draped and the operator must have at hand 
the usual amputating instruments such as 
a long bladed knife for sev ering muscles 
quickly, one or two small saws, muscle re- 
tractor, etc., as shown m Fig 420 If the 
flap method is used, the anterior flap is 
made the diameter of the limb longer than 
*iut •pua'ceriui , mrii *hit •uuinnhynig ifi 
structures must be divided each at a shgbtJy 
higher level down to and including the 
bone 

With a periosteal elevator the soft tis- 
sues about the hone are carefully retracted, 
being careful not to strip up the peri 
osteum After sawing the bone transversely 
and al right angles to the extiemily but not 
necessarily at right angles to the bone 
(which prevents some direct pressure on the 
stump), care is taken not to roughly retract 
the muscles away from the bone and pro- 
duce a periosteal elevation which may later 
give nse to spur formation Every care u 
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tplmienng or cniduns 
\fter ili«dmg the bone and Ueatmg the 

spiiu^^uca^dtocnbed a cun o( peno=,teum 

about OB^{ou^lh inch 'snde li remo\ed from 
the entire arcuinierecce oi the bone end 
anJ tie bone ro-nded on with a ra_p to 
ttmoie the <harp comers and irregularities 
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but this technic has prosed saUsfactory m 
ihe majoniv ot instances Some recommend 
cruJiing the nersea or uang cauterj, after 
whidi It Is •«e\ered and allossed to retract 
Both of these methods base been u^ed in 
the treatment of the <mialler nets es, but for 
the larger ner\ e trunks u e prefer the alcohol 
mjectiOQ method 



Tig 420 L-ual instruments needed for perfonmng amputation 


^ It has been our cu_tom then to identifj the 
j larger blood vessels and to appl> a double 
11 . hgature of chromic catgut before allowing 
j Ihtm to relract mio the U«-ues 
^ Vfter ideniujing the nerves, a fine sharp 
^ needle is used to inject Ss per cent alcohol 
into the retracted nerve and its «beath until 
It Is ditiended m a fusiform manner after 
"hjch the nerve is cleani> sectioned with a 
. diarp bnife di'=tai to the alcohol injection, 
^ allowing u lo then deeplv retract into the 
>1^ tissues No method of treating nerves will 
'' coropleielj eradicate the danger of rcurcxna. 


If there is any danger of bleeding from 
one of the small arteries sometimes accom 
panjing the large nerve trunks, it is better 
to tie oS the nerve with plain or chromic 
catgut, after which the 95 per cent alcohol 
IS mjected within the nerve which is pros 
itnal to the applied ligature Rellar has ad 
located the use of a sharp-pointed cautery 
vbich burns a conical cavity m the nerve 
cau'icg It to further contract and thereby 
avoid forinatu n of neuroma. 

The tourniquet is carefully and cau 
Uously removed by an assivUnt, taking care 
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to stop any bleeders or muscle ooze not 
previously controlled so that one may ha\e 
as far as possible a dry wound before begin 
ning closure The wound is then thoroughly 
washed with saline to cleanse it of any small 
bone spicules or bone dust If at this time 
the muscles need trimming m order to pro- 
duce a conical stump this should be done, 
and then the muscles should be sutured 
over the bone end The fascia is next closed, 
taking care to apply a small rubber tube 
dram transversely in the wound under the 
fascia The skin is closed loosely with silk- 
worm gut re enforced with silk, and a band 
age apphed snugly o\er the dressing about 
the amputated stump 

If the amputation is near a joint, future 
contraction may be lessened or avoided if a 
light plaster of pans bandage is applied ex 
tendingwell abovethe proximal joint, which 
IS held m extension 

What Constitutes a Satisfactory 
Stump? 

An ideal stump should be conical and 
smaller than the opposite side at the same 
level It should lit into the inverted cone of 
the prosthesis The soft tissues should not 
be of sufficient redundancy to interfere with 
a satisfactory and snug ht, and not tight 
enough to pull upon the bone end and cause 
pain through skin tension The scar may oe 
anterior, posterior or terminal depending 
upon the individual problem, but care 
should be taken that the skm included in 
the scar does not become densely adherent 
to the bone While one should plan on a 


certain amount of postoperative shrinkage 
of the «oft tissues, the end of the bone 
should not be covered at closure by more 
than a one and a half inch thickness of soft 
parts The aperiosteal method of amputa 
tion described by Kirk is the method of 
choice, and care should be taken that the 
bone ends are rounded and that there are 
no sharp edges left to encourage spur for 
raation The nerves should be retracted and 
injected with 95 per cent alcohol or cau 
tented to avoid as fat as possible the form 
mg of neuroma, and the skin scar should 
be as soft and pliable as it is possible to 
obtain 

The guillotine amputaUon is never the 
method of choice, but is necessary in cer 
tain cases following trauma and m the 
presence of infection The circular guillotine 
method, which simply consists of a skin m 
QMon formed by the knife sweeping in a 
arcular motion around the limb, is a quick 
method The muscles and blood vessels are 
cut transversely, the stump allowed to heal 
by granulation, and a plastic repair is nec 
essary before the stump is ready for pros- 
thesis This was the procedure used exlen 
sively by the older surgeons during the 
antiseptic era, and permitted extremely 
rapid amputations , the wound was left wide 
open and healed by secondary intention It 
makes a most unsatisfactory stump for a 
prosthesis unless a secondary revision is 
done, but it entails the least shock to the 
patient and may be utilized when the time 
required for a closed amputation entails too 
much risk. 


Part 2 Upp(^ Extremity 


GENERAL CONSIDERATIONS 
It goes without saying that every effort 
should be made to avoid any amputation, 
and this is particularly true in the upper 
extremity because artifiaal prostheses, how 
ever remarkable lhe> may eventually be- 
come, cannot assume the normal function of 
an extremity 


Temporary prostheses are not so essential 
in the upper extremity as they are in the 
lower The stump does not have to be dev el 
oped into a weight bearing one, and it may 
therefore be fitted early with a permanent 
pKfathesis Until the development of the 
cineplaslic operative procedure with its me 
Uculously mechanized upper extremity, 
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proslheses nere primarily of the single or 
double hook variety and the patient wore 
another Ijpe of prosthesis for dress or cos 
metic purposes In comparison with these 



A 


Q 



C 


Finger atnpuUlion 

Fic 421 Disarticulation of dis 
tal phalanx of finger, assuring 
satisfactory functional end result 


open up a large field of possibilities for 
increased function [See Cineplastic Ampu* 
tations, Chapter 21 —Ed ] 

No blanket rule can be laid down on con 



Poor tgpc amputalion Better lo 
remove entire 3rd metacarpal 


Tic 422 Ampuiation of finger 
with short stump A better cos 
metic and functional condition re 
suits from excision of entire meta 
carpal bone 



artifiaal limbs offenng prinunly lifting and scrtation of tissue, although, of course, one 
gripping movements, the ancplasuc pros- should go high enough through vital tissue 
theses dev eloped by Saucrbrudi of Germany, in any amputation so that healing will be 
I'uUi of ltal>, and Kessler m the United prompt and movement ma> be begun early 
Slates offer ibc finer types of movement and In contradistinction to the fact that am 
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putation through any joint of the lower 
extremity usually is to be condemned, dis 
articulation of the distal phalanx of a 
finger may result in hardly any handicap 



A Psor sstputaUon B Sabsfaclon) lyp« 
Fig 424 •imputation of little finger 



Fig 425 Complete amputation of 
thumb de3tro>s function of hand ap 
proximately 40 per cent 


to the patient Amputation of a part of the 
middle or proximal phalanx of one or more 
of the fingers results in % short <4ump, and 
here a short stump is generally useless It is 
avrkward m appearance and liable to injury 


In the index finger, if it is necessary to 
amputate high on the middle phalanx, one 
nould do better to sacrifice the nhole finger 
and a portion of the second metacarpal just 
above its bead, cutting the bone obliquely 
as shown in Fig 423 The disadvantage in 
the sharp angulation caused by leaving the 
hump of the head in an> of the metacarpals 
IS obvious, and this type of amputation la 
recommended only in the presence of an 
mfection when one he-utates to extend the 
inasion to remove a part of the shaft of 
the bone In the third and fourth lingers 
white disarticulation at the knucUe joint 
somewhat preserves the contour of the hand 
the unsupported metacarpal heads w*!!! also 
have a tendency to move backward and 
forward when the fist is clenched so that it 
IS better to narrow the hand by removing a 
p>art of the metacarpal at operation In the 
little finger, loss of part or all of the finger 
constitutes little disability, but when ampu 
tation of the entire little finger is necessary 
It should include the head and part of the 
shaft of the fifth metacarpal 

The most important and valuable mem 
her of Uie hand is the thumb, and it is 
estimated lo be worth almost is much as all 
the other fingers together Iti opposing and 
grasping action makes it valuable m all 
types of work, but if all four fingers are 
lost the remaining thumb is almost useless 
Therefore, it is most important that a suffi 
cient length of a finger or fingers be pre 
served if possible, for one has only to recall 
the uves of the thumb in the countless dailj 
activities to appreciate its function The 
rule, therefore, is to save as much of the 
thumb as possible and have it so placed 
in relation lo the opposing fingers that Us 
grasping function can be retained Many 
times the attitude of the thumb following 
hand infections is carelessly allowed to be- 
come fixed in abduction and on a level with 
the palm, which gives a practically useless 
hand 

Disarticulation at the wrist does not re 
suit m a satisfactory stump for a prosthesis 
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U IS better to amputate three inches above 
ihe ^\^lst in order that an artificial hooL or 
hand may be most efficiently applied The 
old Kruckenberg procedure of reconstruct 
mg the metacarpals or forearm bones into 
a two prong fork has been described by 
Putu and Kruckenberg and others This 
technic is less satisfactory than the cine 
plastic surgery elaborated and perfected 
more recently This cmeplastic method is 
based upon the fact that the distal and 
tendinous parts of the muscles remaining 
can be isolated and enclosed in a covering 
of skin so that voluntary muscular con 
traction may be employed The flexor or 
extensor muscle power can then be utilized 
by a specially construcleil prosthesis bring 
ing about coordinate motions which has 
been described m detail in another section 
of this volume It requires mechmical per 
feclion m the prosthesis which is always 
cosily The older method of using a molded 
leather sleeie for the mechanical hand will 
always ha\e a limited functional use it is 
cheap and can be made moderately efficient 
Most of these prosthescs require a control 
cord running to or around the opposite 
shoulder so that the mo\ements of the 
shoulder muscles may be utilized in con 
trolling tile major movements for grasping 
or lifting 

DISKBiLnV EVALUATION 
The thumb is said to contribute 40 per 
cent of the efficiency of the whole hand and 
the finders have a respective value of 22 5 
per cent for the index 17 5 per cent for 
the middle, 12 S per cent for the ring and 
7 5 per cent for the little finger The total 
loss of all the fingers means a total loss of 
the hand functionally whereas the loss of 
a thumb and little finger would only be 
40 per cent plus 7 3 per cent If the thumb 
^ no finger to oppose its action the hand 
bccomca 1 totally useless one from i func 
tional standpoint Amputation at the wrist 
joint IS estimated to cause a 90 per cent 
loss m the functional action of the upper 


529 

extremity and the loss of the forearm as 
95 pec cent of the entire upper extremity, 
while disarticulation at the shoulder joint 
would represent a 100 per cent loss 



ttt ligpt^ifpes xntsUufflit Useful hand 


Fig 426 (Lc/0 Hand rendered al 
most u elcas by this type of amputation 
Fig 427 {Right) Even a short 
thumb stump permits some of its grasp 
ing action to be retained 



Fig 428 An unsatisfactory stump 
for any type of prosthesis It would be 
belter to amputate three inches above 
wrist 

Unfortunately, there are no fixed awards 
for amputation of the member^ of either 
the upper or lower extremity throughout 
the United States Different states have 
definite but different anatomic limitations 
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and different interpretations Also "what 
constitutes the term hand or foot in 
one locality may not apply in another 
locality An estimate of disability should 
therefore be based on the intrinsic loss of 
function in the part and not upon the 
amount of function rrhich can be obtained 
following a properly fitting artificial hmb 



Amputations in the hand 

Fic 429 The best functional result 
in amputat ons of hand will be obtained 
by following above technic as explained 
m text 

OPERATIVE TECHNIC 
Finces ^\iiputation 
For disarticulation at the distal inter 
phalangeal joint the end of the digit is 
grasped with the fingers and the joint is 
flexed. A transverse incision is made on the 
dorsum at the level of the jo nt and the 
Lnife passed directly through the articula 
tion The palmar flap is made with the aper 
toward the end of the finger the Up of the 


finger being cut through so that the distal 
phalanx with its nail base is removed 
leaving a palmar flap sufficiently long to be 
sutured to the «.hort dorsal flap Before 
cloatng the deep flexor tendon and the 
extensor tendon is sutured to the joint 
capsule and periosteum just proximal lo the 
bead of the second phalanx Interrupted 
sutures of silknorm gut are iLed in care- 
fully closing the skm 

In amputations through the middle of a 
finger a palmar flap equal in length to the 
diameter of the finger at the point of secUon 
IS made and the flap raised The blood ves- 
sels and d gital nerves are idenUfied and 
sectioned The shaft of the bone is then 
sawed through after which a cuff of the 
periosteum is cut from the end of the bone 
The fle.xor tendons are identified and 
damped before division is made They ma> 
be stitched to the periosteum or if of suffi 
aent length may be passed over the end 
of the bone and sUti^ed to the d vided 
extensor tendon The long palmar and short 
dorsal flap including all subcutaneous tis 
sue are un ted us ng silkworm gut or silk 
for the skin 

THOiin Amputation 

The method of amputation of the distal 
phalanx of the thumb is similar to that em 
ployed m the finger Amputation through 
the metacarpophalangeal joint may be done 
by either the racket incision or a large 
palmar flap and short dorsal flap The flexor 
and extensor tendons are sutured to the 
periosteum If a disarticulation at the inter 
phalangeal joint of the thumb is done the 
tendons may be sutured together over the 
end of the proximal phalanx The wound is 
c]o:>ed in layers the skm mth black s Ik or 
silkworm gut 

Vmputation proximal to the metacarpo- 
phalangeal joint should be avo ded if it is 
at all poasible for without «ome stump to 
the thumb any future reconstructive oper 
ation will haNC small chance of successful 
outcome 



OPERATIVE TECHNIC 


METACARPOPI^ALA^GEAI. AilPUTAXION 
AmputatJon through the metacarpophal 
angeal joint oi the fingers is best done 
through a racket incision with a handle on 
the dorsal aspect as shonn in Fig 429 If 
the inasion on the palmar surface is made 
with a notch as shown Uierein, it will make 
a better cosmetic result The incision is car 
ricd to the bone and as much of the sub 
cutaneous tissue and soft parts as possible 
arc included m the flaps so that the space 
over the end of the shaft of the metacarpal 
may be filled in The flexor tendons are 
divided and allowed to retract within their 
sheath The extensor tendon is also allowed 
to retract after sectioning The head of the 
metacarpal is removed m the amputation 
This does not occasion any w eakne^s in the 
hand and gives a much belter appearance If 
two adjacent fingers are to be amputated 
excision of the metacarpal head is probably 
best avoided The removal of the metacarpal 
head with a portion of the adjacent shaft as 
shown rn Figs 423 424 ts particufarfy help 
ful when the first or fourth finger has to be 
amputated The wound is closed m layers, 
the skin with black silk or silkworm gut 

CARrOMETACAmt JOINT DlSARTlCU 
LATION 

A flip type of incision is used with a 
long palmar flap extending from just below 
die stjloid of the radius down the hand 
nearly to the middle of the palm and then 
upward to just below the styloid of the 
ulna The dorsal incision is made straight 
or slightly concave across the dorsal sur- 
face of the carpus The long palmar flap, 
consisting of skin, subcutaneous fat and 
fascia, IS dissected back to the carpometa 
carpal articulation, after which the flexor 
tendons are cut long and the carpometa 
carpal joints opened on their palmar sur 
faces Disarticulation at these joints is then 
done, the bleeding controlled, and all ihc 
ve^'^ils ligated Care is taken to isolate the 
nicilian, ulnar, and radial nerves, after which 
they arc injected with 9a per cent alcohol, 
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cut high, and allowed to retract The flexor 
tendon sheaths are closed and those tendons 
sutured to the surrounding tissues as are 
the extensor tendons, which will permit 
flexion and extension at the wrist to be 
preserved The wound is closed m layers 
and a small rubber drain is inserted deep in 
the wound This is removed after the first 
48 hours A large gauze dressing and a 
cock up spimt are applied The spimt will 
prevent flexion contractures at the wrist 
joint From a functional standpoint this 
type of amputation is far preferable to dis 
articulation at the wrist joint It is longer 
and mote useful than the stumps m which 
amputation is higher up 

Disarticulation at Wrist Joint 
Disarticulation at the wnst joint can be 
done by using a similar incision to the one 
just described The lower end of the mci 
Sion 1$ about the middle of the palm and 
the dorsal cut ts in line with the wnst joint 
The nmt ts then hrcibly flexed and the 
joint opened dorsally by a transverse cut 
The flexor and extensor tendons are sutured 
to the surrounding soft tissue and the wound 
ts dosed in layers the skm with black silk 
or silkworm gut 

Amputation Through Forearm 
As much stump length as possible should 
be preserved The minimum that will allow 
the fitting of a satisfactory forearm pros 
thesis measures IV 2 inches from the mser- 
lion of the biceps tendon to the bone end 
of the stump The best stump, when part of 
the hand cannot be retained, is at the junc- 
tion of the middle and lower thirds of the 
forearm Equal anterior and posterior 
rounded flaps are used The muscles are 
cut circularly, after which the interosseous 
membrane is exposed by the knife and tlie 
bones sawed through, botli bones at the 
same time and at the same level The usual 
apenosleal method is used and pronation 
and supination will be preserved unless a 
synostosis occurs between the ulna and 
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radius The muscle flaps should be suffi of election is at the junction of the middle 
ciently long to cover the bone ends and to and lower thirds and while the techn c u 
allow suturing of the ends of the oppo-yng similar in all parts of the forearm it must 
muscle groups together The bone ends are be remembered that cosmetically and func 
rounded off with a rasp and the muscle flaps lionally the results will be much better if 
ate then reshaped to make a thin but suffi we can adhere to the sites of election 
cient muscle covering over them The 

median ulnar and radial nerves are idenu Disasticulation at Elbow Joint 

fied cut high injected with 9S per cent Disarticulation at the elbow joint is not 
alcohol and allowed to retract Bleeding is a procedure to be recommended In Kocher s 



Amputai oniti di « eF -forearm | hsa icuaton rtebow | Amputat cn m dd a of arm 


Fig 430 (Le/t) S te of election for anputalioa in forearm is in middle th rd Skin 
incision and division of bone are sbonn 

Fig 431 (Ce> <er) Disarl culation at elbow joint is not a procedure of cho ce but occa 
sionally may be advisable 

Fig 451 ^ Rights Skm wiCBon wad dwsoa ot for ampatatvoa \broagh arm 
Amputation through lower third is preferable but folio vs the pnncple of the above 
drawing 

controlled and the deep and superfiaal operation the inasion beg ns anteriorly over 
flexor groups are sutured together and then the joint 1 ne and extends posteriorly a 
to the extensors The fascial flaps are dosed hands breadth below the summit of the 
with interrupted plain catgut and the skin olecranon The posterior flap will contain 
is closed vnth silkworm gut or black silk the skin and the insertions of the triceps 
A rubber tissue dram is placed under the andanojneua while the anterior flap begins 
musde flap and can he removed at the end at the external condjle and extends down 
of 48 hours at which time the stump is first ward and medially to one inch below the 
dressed internal condyle The bones of the forearm 

Other types of amputation in the fore are separated from their muscle attach 
arm may be necessary at times butthe‘!ite ments the nerves identified cut high and 
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the slumps, injected with alcohol The flexor 
and extensor muscles are sutured over the 
end of the humerus The wound is closed m 
lajcrs, tlie skin with black silk or silkworm 
gut This type of disirUculaiion presents a 
laroC mass at the end of the arm and is 
difticult to fit v\ath a prosthesis It does ha\e 
the advantage of permitting a laced cuff to 
be placed about the arm and held m position 
b} tlic knob an the end of the humerus A 
somewhat similar condition exists in the 
slump occasionally created when a disartic 
ulation at the knee is necessary 

Amputation of Asm 
\mputation tlirough the lower third of 
the arm, witli removal of the epicondylar 
and supracondylar ridges above the flare of 
the condyles, presents a much more satis 
factory slump and gives a better appearance 
than the preceding but in this type of ampu 
talion It 15 always necessary to have shoul 
dec straps to retain the prostliesis m place 
In amputations through the lower third of 
the arm equal anterior and posterior 
rounded skin flaps arc used and the usual 
technic of isolating the nerves and blood 
vesscU and resutunng the muscles over the 
end of Uiebone is followed The apenosteal 
method of treating Uie bone is routinely 
employed After the muscles are sutured 
over the bone end, the nerves are injected 
with alcohol, the bleeding is controlled, and 
(he wound is closed in layers, the skin with 
black silk or silkworm gut 

Disarticulation at Shoulder Joint 
Wyeth pins may or may not be used to 
bold the tourmtiucl m place, the author 
prefers them The anterior pin is pas'^d 
upward Uirough the lower portion of the 
anterior attllary fold to emerge one inch 
medial and nnlcnor to the lip of the 
acromion The posterior pm is entered at a 
corrc'pondmg point in the posterior axillary 
fold, and comes out wiihm an inch of the 
tip of the acromion posteriorly The tour- 
niquet of rubber tubing is then applied 


snugly above the pins and Uie ends held 
together with two clamps This permits the 
bleeding to be under control and allows 
easy removal of the tourniquet before the 
end of operation 

The Kocher inaston begins over the 
clavicle just external to the coracoid process 
of the scapula, is earned downward an 
tenorly, and swings posteriorly at the level 
of the axillary fold encircling the arm to 
complete the racket incision Anteriorly the 



Fic 433 A satisfactory ampu 

tation stump of arm (Rig/if) An un 
satisfactory amputation through arm 
with redundant soft tissue about end of 
slump 

cephalic vein and the acromial branches of 
the thoraco acromial artery are ligated The 
deltoid is divided near its insertion, the 
capsule of the joint opened over the lesser 
tuberosity, and the long head of the biceps, 
tlie subscapulans, pectoralis major, latiS' 
siraus dorsi, and teres major are divided at 
their insertions The capsule with the in- 
sertions of the supraspmalus, infraspinatus, 
and teres minor muscles is detached from 
the humerus The circumflex arteries may 
need to be tied The arm is then completely 
detached and the nerves identified and cut, 
and the slumps injected m the usual man- 
ner with 93 per cent alcohol The brachial 
artery is identified and doubly ligated with 
chromic or catgut, after which the small 
vesseE are tied and the tourniquet can 



554 AMPUTATIONS, DISARTICULATIONS, AND PROSTHESES 


tiously loosened The bleeding is controlJed 
until the field is dry and the Wjeth pins 
are then renio\ ed and closure begun 
The tendons of the pectoralis major and 
latissimus dor«i, if long enough, are sutured 
into the margin of the glenoid along with 



Fig 434 Di 2 .articuIatioa at shoulder 
W>elb pins have been inserted mlh 
tourniquet appbed and racket type of 
skin incision outlined 

the supraspinatus and infraspinatus, sub* 
scapulatis and teres The deltoid is uberted 
deep into the space formerly occupied by 
the head of the humerus to gi%e contour 
to the shoulder and is tnmined to fit None 
of these muscles will have any functional 
value but are placed to fill dead space The 
preservation of the circumflex nerves js not 
important The wound is closed in layers, 
the skin with black silk or silkworm gut, 
and a firm pressure Velpeau bandage ap- 
plied 

Amputation through the surgical neck 
gives a better cosmetic result than a dis- 
articulation, although of no more value from 
the standpoint of wearing a prosthesis 

IVTERSCAPULOinOHACIC AMPUTATION 

This operation was described by Berger 
m 1SS7, and involves the removal of the 
shoulder girdle en masse Lsually, however, 
the inner third of the clavicle can be left 
It IS rarely necessary to employ such an 


extensive amputation, but it may be advis- 
able in extensive malignant disease or m a 
severe crushing accident of the shoulder 
regum It is always attended by shock and 
the usual methods of treating shock should 
be followed As the hemorrhage is usually 
severe, preparation for transfuiion should 
alvrays be made 

The patient lies with the unaffected 
shoulder propped with sandbags, and the 
affected shoulder region at the edge of the 
table The skin incision advised by Berger 
is ^hown m Fig 436 The incision begins 
over the sternal end of the clavicle and is 
earned along that bone to about its middle 
and then curved downward to the anterior 
axillary fold exposing well the inner two- 
thirds of the clavicle This bone is then, dis- 
articulated from the sternum or divided at 
its inner third by Gigb saw, and the Tnusdts 
and ligaments attached to it are severed 
close to the bone The attachment of the 



Fro 435 Photograph two years after 
operation show-ing disarticulation at 
shoulda* for Ewing s sarcoma of 
huaierus) 

subclavian muscle is divided at the first nb, 
exposing the pectoralis minor After dividing 
the pectoralis minor the axilla is fully ex 
posed and the vessels may be seen The 
sheath of the subclavian artery and vein is 
opened and the vein is separated from the 
artery Two ligatures are applied around the 
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artery about one inch apart ami tied The 
arm is then held up to empty it of blood 
Ano ligatures arc passed around the vein 
but are not tied until the arm is drained of 
Hood The vessels together \sith the brachial 
plexus are then severed, the nerves injected 
with 95 per cent alcohol, and the incision 
continued posteriorly and upward to meet 
the anterior incision The trapeaius muscle 
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is severed and the transversalis colli and 
posterior scapular artery are secured The 
omohyoid muscle is cut and the supra 
scapular artery tied The muscles allayed 
to the vertebral border of the scapula art 
rapidly divided close to the bone and the 
semtus magnus and hnaU> the latissimus 
dorsi muscles are «c\ered Ihe wound is 
closed in layers and rubber dram in;>erted 



Fio 436 (Ic/l) Chondrosarcoma of right humenu (Ri^/it) Inlerscapulolhoracic ampu 
tation well (wo years later 


Part 3 Loxoer Extremity 


GCNEILU. CONSIDERATIONS 
Weight bearing being the prime requisite 
for the lower extremitj, all of our efforts 
should he directed louard having an ampn 
talion stump able both to carry the weight 
of the body (in whole or in part) and to 
act as a proper lever in locomotion, both 
of winch must be accomplished without 
pam With the improvement in the con 
struction of artificial limbs very few slumps 
need to be made for end weightbearing 
alihoUoh ideally the slump should bear the 
whole weight on its end to duplicate what 
IS done m walking It is necessary however, 
that care be taken in the lower extremity to 
have a satisfactory covering on the end of 
the bone Too bulky a mu*cle mass or loo 
thin adherent ‘^kin over the end of the bone 


will give equally poor results If possible, 
the suture line should be posterior to the 
bone end rather than terminal The ideal 
amputation slump must combine comfort, 
appearance, and utility, which usually 
means a stump of good length below the 
proximal joint It does not mean tliat at all 
times the surgeon must save all possible 
length of Uie extremity, however, for this 
may not be m accord with a satisfactory 
prosthesis 

Amputation of the toes will give very 
little di'iabibtj, with the sole exception of 
the big toe In the latter ca«e the gait is 
senously interfered with if the entire toe is 
removed AnkjJosis of the interpbalangeal 
or metatarsophalangeal joints will be pref 
erable to amputation If the entire big toe 
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must l)e removed every effort should be 
made to preserve the head of the first meta- 
tarsal because it constitutes one of the 
tripod weight bearing points of the foot If 
amputation of the second toe is necessary 
It IS much better to amputate a large por 
tion of the shaft and head of the metatarsal 



Fic 437 High femoral amputation 
with unsatisfactory stump end Scar has 
retracted giving rise to ^kln fold* which 
are a constant source of skin infection 

in order to prevent the tendency to a hallux 
valgus deformity developing at the big toe 
joint 

If for any reason, such as congenital over 
lapping amputation of the little toe is re 
quired a better cosmetic and functional 
result IS obtained if a portion of the shaft 
of the fifth metatarsal is cut through and 
removed as shown m Fig 450 under oper 
ative technic 

The Lisfranc and Chopart amputations 
through the tarsometatarsal and midtan»al 
regions, respectively, are rather generally 
condemned, both for the application of an 
efficient prosthesis and for weight bearing 


As a rule, an equinus deforrmty of the foot 
Will ultimately result with either of these 
pjocediK^ An amputation through the dis- 
tal portion of the metatarsals will not re 
quire a prosthesis so that it can be lecom 
mended if there is tissue available for flaps, 
and will give a very satisfactory result 

There is another type of foot amputation 
that has been reported by Boyd as quite 
satisfactory This consists of an amputation 
of all the bones of the foot with the excep- 
tion of tlie os calcis Uler removal of the 
cartilage of the tarsal cavity and the upper 
surface of the os calcis, the tarsal bone is 
then turned up and allowed to fuse lo the 
tarsal cavity, giving thereby a direct weight 
bearing surface through the leg and the 
long axis of the os calcis It is claimed that 
this procedure gives a satisfactory painless 
stump, and that the patient walks on the 
cushion of soft tissue normally about the 
heel Uis,bov.ever, adifncuU type of ampu 
tation to fit with a satisfactory prosthesis 
because the stump is rather conical in shape 
and It becomes necessary to have a laced 
cuff firmly attached about the ankle in order 
to keep the slump securely within the shoe 
Disarticulation at the anUe joint proper is 
always unsatisfactory and is never recom 
mended 

Pirogoffs amputation, as shown in Fig 
441, IS an osteoplastic operation just above 
the ankle joint, the tibia and tibula being 
sawed through just proximal to the articu 
lar surface of the ankle, and the mternai 
and external malleoli removed This raw 
bony surface is fitted to the os calcis which 
has been previously denuded of cartilage 
If successful, a full weight bearing type of 
stump follows The objection to it, however, 
IS that it !:> difiicult to fit with a prosthesis 
and when one is fitted the affected bmb is 
usually longer than the opposite side Also, 
fusion between the os calcis and the tibia 
does not always follow, and as this is essen 
tial for a painless weight bearing stump the 
operation is not ordinarily recommended 

Symes amputation is a supramalleolar 



IiG AA2 Syme imputation fi\e years postoperative Patient is satisfied but this is 
Uiiully regarded as a poor type of amputation 
liG 443 \ ray of a Sjuie amputation It isobvious that this type of stump is difficult 

to fit with a prosthesis jt- 

Fig 444 (\) DLsarticulation at knee joint mmg an end bearing stump (B) \ ray 
01 same case 
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aniputaUon and the stump end is covered 
by a flap from the heel, differing from Piro 
goffs mainly m that the os calcis is entirely 
dissected out It is usually unsightly and 
conspicuous, however, because of the neces- 
saril} large ankle, and the artificial limb 


advantages for the laborer simdar to tho«e 
found m the Pirogoff stump [This ampu 
taUon IS very favorably regarded m Canada 
-EdJ 

Disarticulation at the knee joint is ordi- 
narily avoided, but we feel that these have 


Fig 445 Fro 446 Fic 447 Fic 44S A 



1 IG 448 B 


Fig 44d \ ery satisfactory tibial stump 
Fig 446 Bilateral short leg slumps which 
were unsalisfactoiy until fibulae were re- 
moved A longer tibial stump is preferred 
Fig 447 An rvcellent «lump from a Cal 
lander amputation 

Fic 448 Gntti Stokcs amputation show 
mg (A) Length of femoral slump, (B) 
thickened ^kia that has developed on this end 
bearing slump (C) xra) of Gnlti Stokes 
amputation 


makers do not think it can be fitted as 
satisfactorily as a below the-knee stump 
Kuk stales that too frequenll} these stumps 
are painful but feels that this is probably 
the fault of the operator A stump wholly 
end bearing such as this may present dis- 



Fig 448 C 


been unsatisfactory because of the t>pe of 
prosthesis usually fitted to these slumps A 
suitable artificial limb la ‘vhenm m Part 1 , 
and 15 a roost satisfactory end bearing tjpe 
after disatliculaiion at the knee joint 
In the leg the amputation should be at 
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the junction of the upper and middle thirds 
and the stump length vines between ioue 
and eight inches, depending upon the height 
of the patient, the ideal length being usu- 
ally seven indies The bone should be ampu- 
tated by the apenostcal method previously 
described 'lo tint no sharp edges or spurs 
will develop later The fibula should always 
be cut an mch and a half higher than the 
level of the tibia, and when the stump is 
shorter than five inches it is felt that the 
fibula IS better excised completely A short 
tibial stump is preferable to an amputation 
through the knee joint or above, but the 
stump of the tibia should measure at least 
one and a half inches from the joint line to 
fit any type of prosthesis satisfactorily, and, 
of course, a longer tibial stump is better 

Above the knee joint we have several 
types of amputations through the femur 
wbicJj are regarded as satisfactory, but we 
personally prefer the Callander type This 
consists c»'-en(ially of long antenor and 
posterior flaps, the latter being slightly 
longer, with the femur sectioned at the con 
d)hr Hare just proximal to the adductor 
tubercle The patelh la dissected from the 
recius fcinoris tendon and this cavity con- 
tracts over Uie end of the femur to act as 
an end bearing point It gives an excellent 
end bearing stump, and because of its length 
the powerful muscles of the thigh permit 
excellent control, a requisite in any amputa- 
tion m (he (high 

The Grilti Stokes amputation also gives a 
long femoral stump Tlie femur is sectioned 
at Its lower end After removing the car- 
tilage from the patella and flattening its 
posterior surface, the patella is placed over 
the lower femoral end and permitted to fuse 
in this position 

A slightly different method has been de- 
scribed by Sabanajeff /\s shown in Fig 4S7, 
this utducs a portion of the upper end of 
the tibia by ingeniously placing it against 
the low cr end of (he femur and retaining the 
jxitcHa and its ligaments on the front of the 
thigh These three methods of amputation 


— Calhnder, Gntti Stokes, and Sabanajeff— 
arc the sites of election for thigh amputa- 
tions, but occasionally it may be necessary 
to amputate higher 

The pnnciple in the higher amputations 
is to leave as long a femoral stump as pos 
sible The upper limit of the scar line, if 
the femur is preserved, should be three 
inches from the perineum Above this point 
It is so difiicult to fit a prosthesis that it is 
better to disarticulate at the hip joint or to 
perform an osteotomy through the neck and 



Fig 449 Disarticulation at hip joint 
for osleogemc sarcoma of femur Satis 
factory slump for tilt table type of 
prosthesis 

remove the entire femoral shaft With the 
disarticulation at the hip, every effort 
should be made to preserve a buttock equal 
m size and contour to its fellow, and there 
should be no excess of muscle or other soft 
parts, for this tends to make an insecure 
stump for the till table tj pe of prosthesis 

DIS \BILITY EVALUATION 
In the foot an amputation will not de- 
mand as high a functional Joss as in the 
hand, for perfectly obvnous reasons The 
estimation of permanent disability should 
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depend upon the degree of functional dis 
ability and this percentage ofucially \-arics 
according to the locality in the Lnited Slates 
in ubich the patient resides The loss of a 
fool has been apprOMtnaied as a 23 per cent 
Io«s of function m the lower extremity 
whereas a leg amputation i» e Umaled at 
43 per cent In the midthigh one lo«^ ap- 
proximately 63 per cent of the normal and 
in the upper Uugh S5 per cent Many au 
thors feel that a femoral stump four inches, 
long or le«s will give a disability of 100 per 



Methods far empulet toes 
Fio 430 Methods 
for amputation of toes 
Excision of metatarsal 
bone 19 desirable for all 
lesser toes except 1 Itle 
toe for this toe it is 
better to osteotomize 
metatarsal bone as 
shown 

cent for the lower extremity but unfortu 
nately there is no accepted standard for 
determining the percentage of function loss 

OPER.\TI\E TECHNIC 
SsiPUTATiONs IN Foot 
The same method is earned out for toes 
as in the case of fingers although the great 


toe should neier be di'^irticulafed at the 
metatarsophalangeal joint if it can possibly 
be avoided 

\ny amputation in the forepart of the 
foot gives a much better type of foot for 
walking if done through the shafts of the 
metatarsal bones, rather than proximal to 
them In these cases there must be a long 
plantar flap and a xborter dorsal one so 
that the scar ix on the dorsum of the stump 

\mputatton at the metatarsophalangeal 
joint of the lesser toes u performed by a 
racket or heart shaped inci ion as shown 
in Fig 43O In removil of the little toe it is 
belter to amputate a portion of the meta 
tarsal shaft also 

Lisfrancs Amputation (Tarsometa 
tarsal) \ tourniquet js used The foot is 
placed m a position of plantar flexion and 
the incision begins on the outer border of 
the foot behind the tubercle of the fifth 
metatarsal bone and extend» across the 
dorsum of the foot a half inch distal to the 
tarsometatarsal articulation crossing the 
inner border of the foot at the base of 
the iirst metatarsal bone The long plantar 
flap IS then cut retching from the origin 
on the first flap to the ends of the meta 
tarsal bones as ^hown m Tig 451 After 
d s«ectiDg the xkm flap up the extensor 
tendons are divided just behind the heads 
of the metatarsal bone:> and a dorsal flap 
composed of all the soft tissues is dissected 
up to above the tarsometatarsal joint carry 
mg the knife acro^ the base of the fifth 
melttarsal opening up the joints of the 
three outer metatarsals and then that be 
tween the internal cuneiform and first 
melaiarsal Some operators adnse sawing 
through the metatarsals just below their 
base^ feeling that this will gue equally 
good results and is a great saving of time 
and trouble but the true Lisfranc ampuia 
Uon IS an amputation it the tarsometatarsal 
junction 

The Jong plantar flap is now cut across 
the knife being held verlicalh to the skin 
the soft tissues arc divided and the tibialis 



OPERATIVE TECHNIC 


541 


anticus, the pcroncus longus, and the brevis worm gut, always having the suture line on 
ire sutured into the periosteum or some the dorsal surface of the stump and not 
tissue adherent to the bone in order to pre- on the end 

serve some of the foot balance The long Chopart’s Amputation (Midtarsal) A 



Fig 451 Choparl and Lisfranc amputations 



Piragoff Amputation 


Fic 452 PirogofI amputation 

extensor and flexor tendons of the toes are tourniquet is applied to the thigh and a 
then attached to the adjacent tissue, the short dorsal and long plantar skin flap made 
subcutaneous tissue^ are closed with plain as shown m Tig 451, making the transverse 
catgut, and the skin wiUi black silk or silk- dorsal incision through the skin of the in* 
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sup two iQches below the anUe joint. Altar 
the tendons and muscles are cut and the 
tarsal bones exposed, a small longitudinal 
incision IS made on each side reaching to 
below and m front of the corresponding 
malleolus The astragaloscaphoid and cal 
caneocuboid joints are opened and disaitic 
ulated at this line This leaver a weak joint 
because the rest of the fool is amputated 
V tenotomy of the tendo adullis should be 
done at the lime of the operation or later 


one a half inch in front of the lower ex 
tremity of the tibia The skin flaps are dis 
sected back, and after disarticulation at the 
ankle joint the tibia and fibula are cut 
acco;!S just proximal to the articular sur 
face of the ubia, remoMog the articular 
cartilage and the internal and external mal 
leoli The os calas is cut obliquely, leaving 
a considerable portion of the bone m the 
heel flap, and then the raw bony surface 
of the o» calcis is brought into contact with 



to lessen the tendency toward development 
of equinus deformity It is not an operation 
that IS recommended 

Ampuiatiovs ai Amile Region 
Pirogoff Operation This is an amputa 
lion juat below the ankle joint It is rather 
difficult to perform and is rarely advisable 
The foot IS flexed at a ngbt angle to the leg 
and the incision runs from the tip of the 
internal malleolus across the sole a little in 
front of the long axis of the Ubia ending 
at a point near the tip of the external 
malleolus, and the dorsal incision is a curved 


the raw under surfaces of the tibia and 
fibula The flaps are sutured into position 
expecting a bony union between the os calcis 
and the leg bones If this occurs, a satis 
factory result may ensue with direct weight 
beanng, and the patient will not need an 
eiqiensive Ij^pe of prosthesis It is an opera 
lion not often emplojed 
Syme s Operation This is a supra 
malleolar amputation and the stump end is 
covered by flaps from the heel, differing 
mainly from the Pirogoff operation m that 
the os calcis is entirely removed along with 
the foot The masion is made from the tip 
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of the external malleolus to a point a half tatmg knife a little below the level of the 


inch below the internal malleolus across the 
sole being Mightly curved toward the heel 
T, he dorsal incision is across the front of tlie 
anUe joint as shown in Fig 453 The tenilo 
acbillis IS divided close to the os calcis and 
the latter dissected from the heel flap 
leaving as thick a pad of soft tissue as po» 
sible The tibia and fibula are sawed through 
a half inch above the articular surface of 
the tibia and at right angles to its long axis 
and all Uie tendons trimmed so they will 
retract into the wound \11 the nerves must 
be dissected from the heel flap The deep 
layers are sutured with plain catgut and the 
skin with black silk or silkworm gut There 
IS usually some redundancy of the heel flap 
Tins makes the closure difficult and the op 
enlion rather objectionable These slumps 
are not capable of direct end bearing with 
out some pain and because they are so close 
to the ankle joint the stump is a rather un 
sightly one ksarule these two amputations 
—the PirOflOtf and Syme s give less satis 
factory results than amputations through 
the middle third of the leg and the extra 
leg length they give is of no particular 
advantage 

AMPUTATIONS TlIROtGlt LeG 
Middle Third The stump length is meas 
ured from the point of insertion of the 
internal hamstring tendons into the Ubia 
to the bone end of the stump and this 
measurement is taken with the knee flexed 
at a 90” angle \ seven inch tibial stump is 
considered the ideal one and the suture line 
should he just posterior to the bone end 
never anterior 

Anterior and posterior skin flaps are 
made the incision beginning above the 
selected saw line and curving downward 
the flaps being dissected back to the saw 
line The posterior flaps are slightly shorter 
than the anterior m the relation of three to 
two The skm on llie posterior surface is 
freed for two or three inches and the mus 
cles cut through with a long bladed ampu 


wit line but sufficiently long to cover the 
stump end The muscles are then cleaned 
back from the bones and the periosteum is 
removed arcularly from the tibia and fibula 
for a quarter of an inch as a cuff proximal to 
the projected saw cut The bones are then 
sawed through The anterior crest of the 
tibn IS beveled as shown in Tig 454 and 
(he fibula is divided an inch and a half to 
two inches higher than the tibia 
After sawing throUoh the leg bones at 



l«g ampuUt on at s te of elect on 
Fic 454 Amputation m middle third 
of feg 

rioUt angles to the leg the sharp corners of 
the tibia and fibula are rounded off with a 
rasp The bone dust is flushed out of the 
wound with normal saline The nerves and 
blood vessels are treated m the usual way 
care being taken to identify the anterior 
and posterior tibial and peroneal arteries 
and the anterior and posterior tibial and 
musculocutaneous nerves 
Before closin^ it may be necessary (o 
trim away some of the redundant muscular 
tissue so that jt can be brought over the 
end of the bone The tourniquet is then re 
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mo\ed and the smaller bleeders and muscle 
ooze controlled The nound is closed in 
lajers the skin with black silk or silkworm 
gut and a dram of rubber tissue in erled 
in the usual manner \\ ith a '^hort tibial 
stump it IS of some help in aioiding knee- 
flexion contracture to place the limb m 
plaster m the extended position following 
the wound closure 

DlSASnCUlATlON AT K.^ZE JOlNT 
This tj-pe of operation is not recom 
mended because of the difficulty of fltUng 


and the patella completely remo\ed In 
temal and external hamstring tendon» are 
cut long the popliteal arteiy ligated and 
the ner\^ identified and injected with 9a 
pec cent alcohol after section The internal 
ligaments of the knee are divided and the 
disarticulation is completed The wound is 
closed in la>ers so arranged that the scar 
will be 00 the posterior aspect and not on 
the terminal part of the stump Because the 
condyles of the femur are unequal in length 
and uneven in contour the articular sur 
face of the femurwhen covered with healthj 




Fig 453 Callander amputalioo this gives an excellent end bearing 
stump 


the stump with a prosthesis although a 
satisfactory limb can be obtained if fitted 
with the type of prosthesis lUustniled in 
Part 1 

Under tourniquet a long anterior flap and 
a shorter posterior flap are made and healthy 
skin included m the anterior flap to a point 
two inches below the tibial tubercle Tbe 
Iigamentum patellae attached to the anterior 
tubercle is divided the knee joint opened. 


skin IS Usually tender to pressure and does 
not make an ideal end bearing stump 

pExtoRAL Amputations 
The femoral amputations may be divided 
into (1) the long femoral stump such as 
Callander or Gritti Stokes (2) midfemoral 
amputation and (3) high amputation i e 
above the middle third Tbe upper limit of 
the femoral itump <houId be a three-mch 
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slump as mtdsured from the perineum, ami 
if the amputation has to be higher than 
this a liisarticulalion at the hip or a saw cut 
through the neck of the femur is to be 
preferred 

Callander Amputation (Low Femoral 
Stump) No tourniquet is used The patient 
15 placed on his back with the knee of the 
affected extremity flexed slightly, and skm 
incisions ire made as shown in Fig 455, 
so that there are slightly unequal anterior 
and posterior flaps Iwo inches proximal to 
the Ino^t prominent part of the medial 
femoral condyle is the point at which the 
incision begins and it runs downward in 
the groove between the vastus medtahs and 
sdrlorms muscles The adductor tubercle on 
the medial side of the lower end of the 
femur is easily identified U is the point of 
insertion of the adductor magnus muscle 
and the point at which the femur is later 
divided Ihc slun incision curves over the 
interior surface of the tibia to cross the 
tibial tubercle The patellar tendon is di 
vidcd at Its insertion <\nother incision start 
mg three fingerbreadths proximal to the 
literal femoral condyle is made, extending 
down the literal aspect of the leg between 
the tensor fascia lata and the biceps femons 
muscle and crossing tlie front of the tibia 
to meet Uie inner incision One does not at 
tills time divide tlie tendon of the biceps 

Medial and lateral incisions are then ear- 
ned obliquely, posteriorly, and infenorly as 
m Iig 453, until they meet on the call of 
the leg about the midpoint of the belly of 
the gastrocnemius muscle These two long 
amputation flaps consist not only of the soft 
parts of the lower thigh, but of a consider- 
able portion of the soft parts of the leg 
On the medial side of the thigh and knee the 
deep fascia is divided and this exposes the 
liopliteal fascia and the popliteal space The 
medial hamstring tendons are identified, 
divided, and allowed to retract into the 
depth of the wound The tendon of the ad- 
iluctor magnus is divided at its m^etbon 
into the adductor tubercle, giving free access 


to the popliteal vessels and nerves The 
popliteal artery and vein are withdrawn 
slightly from the wound, clamped, ligated, 
and divided as far distally in the popliteal 
•vpacc as possible The common peroneal and 
tibial nerves are then identified, ligated, and 
divided, after which the proximal poruon is 
injected with 95 per cent alcohol The knee 
IS then rotated and the lateral longitudinal 
incision deepened 

The biceps tendon is identified and 
severed at its insertion into the head of the 
fibula The posterior flap is then dissected 
up but the fibro areolar tissue in the poph 
teal space is left largely undisturbed The 
capsule of the knee joint is divided and the 
anterior flap containing the patella is dis 
seeled upward, after which the sesamoid 
bone is removed from the quadriceps tendon 

The femur is now sawed through just 
proximal to the adductor tubercle and the 
bone ends rounded off with bone cutting 
forceps and a rasp, and the usual cuff of 
periosteum removed to make an apenosteal 
stump The wound is thoroughly flushed out 
with warm saline and the muscle bleeding 
controlled The flaps are allowed to fall 
loosely together and held with silkworm gut 
or skm clips applied at such intervals as to 
keep them in fair approximation Closing 
the wound m Uus loose manner does not 
put any of the structures under tendon and 
permits the hamstring muscles to contract 
The quadneeps is drawn downward over the 
bone end so that the cavity produced by 
the removal of the patella fits over the end 
of the femur The flaps appear unusually 
long and cumbersome and it is wiser to sup 
port the entire extremity on a long bass 
wood splint for the first week while the 
shrinkage process is beginning 

There is usually a considerable amount of 
ooze during the first few postoperative days 
and It may be necessary to dress the wound 
daily No rubber dram is inserted and it is 
rather remarkable that as convalescence 
proceeds Uie posterior flap retracts gradu 
ally until the suture line is well posterior 
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and one or more inches proximal to the end 
of the bone An excellent end bearing stump 
results (See Callander Jour Amer Med 
Asso 105 1 746 1 753 ) 

Gritti Stokes Amputation (Low Fem 
oral Stump) This supracondylar ampu 
tation IS superior to a division of the bone 
at a higher level for it preserves the strong 
thigh muscles and gives good control of the 
stump 

Long anterior and short posterior flap» 


on the posterior and posterolateral surfaces 
of the thigh are cut so that they can be 
retracted to the saw line, after which the 
bone is sawed through at a right angle to 
the thigh about one inch proximal to the 
adductor tubercle 

The femoral artery and its branches are 
isolated and doubly ligated with plain cat 
gut After identifying the saalic nerve, it 
IS sectioned injected with 9S per cent ako 
hoi and allowed to retract The hemorrhage 



Fic 456 Fro 457 


Fig 4S6 Gntti Stokes amputation This gives a good loiv femoral stump 
Fig 457 A Sabanajeff amputation which is a low femoral stump is not often employed, 
for frequently it is not advisable to utilize the tibia in these low femoral amputations 
(A) and (B) Skm closure is same for this and the Gnlti Stokes amputation (C) 


are made The anterior inasion starts just 
above the knee joint and curves gradually 
downward across the anterior surface of 
the knee midway between the patella and 
the tubercle of the tibia The posterior 
curved flap is then formed and the fascia 
cut along the skin line inasion The knee 
joint IS opened and the skm flap with the 
patella and other soft parts is dissected back 
to the anticipated saw Ime of the femur in 
the supracondylar region The structures 


from the smaller blood vesseb and muscle 
ooze IS controlled, after which the tourniquet 
IS removed and any residual bleeding con 
trolled 

The articular surface of the patella is 
then removed, leaving a smooth, flat bony 
surface, and the wound thoroughly flushed 
out The prepared patella is then brought 
over the end of the femur and fitted into 
position and the patellar tendon is sutured 
to the periosteum on the posterior surface 
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of the femur, it ib not usually advisable to 
transfix the patella to the femur by any 
form of fixation A rubber-tissue dram is 
inserted and llie i\ound is closed in layers 
Sabanajeff Transcondyloid Amputa- 
tion (Lovir Femoral Stump) The Saba- 
najeff transcondjloid amputation is done 
very much in the same way as the Grilti- 
Stokes except that the upper end of the 
tibia is utilized to fit over the lower end of 
the femur as shown in Tig 457, and the 
patella is loft in situ This amputation is 
rather difficult to perform and it presumes 
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It should be remembered that the adductor 
muscle wiH retract more than the others 
and therefore should be cut longer The 
wound IS dosed, a rubber drain inserted, 
and (he skin closed with silkworm gut or 
black silk 

High Femoral or Upper Thigh Ampu- 
tations From a prosthetic standpoint, it is 
better to amputate through the neck, of the 
femur or disarticulate at the hip than to 
amputate above the level of the three inch 
stump If the stump is more than three 
inches long, one can amputate by the flap 



Fic 458 Showing use of Wyeth pins m high femoral amputations 
In disarticulation at hip, artery and vein are doubly hgated 


tlie presence of a healthy knee joint Kirk 
feels that the Gritti Stokes is a belter 
method than that of Sabanajeff 
Midthigh or midfemoral amputation js 
done using the shghtly longer anterior skin 
flap and cm enng the bone end with a thin 
pad of muscle formed by suturing together 
the anterior and posterior musde groups 
This muscle pad becomes fibrous tissue and 
acts very well as a weight bearing medium 
The bone end is treated in the usual manner 
with a cuff of periosteum removed The ves- 
^Is ate doubly ligated and the nerve» 
injected with alcohol in the usual manner 


method, making the anterior flap slightly 
longer than the posterior one, and using 
W>eth pins to hold the tourniquet as m 
disarticulation of the shoulder The general 
pnnaples of anchoring opposed musde 
groups to other musde groups should be 
observed, the artery and vein doubly ligated 
m the usual manner and the nerve stumps 
injected with 95 per cent alcohol and per- 
mitted to retract A rubber dram is used 
and the wound is closed in layers, closing 
the skin with black silk or silkworm gut 
By using the Wyeth pins hemorrhage can 
be well controlled The tourniquet is not 
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removed until the major blood vessels have 
been doubly ligated 

DiSAKUCULATION AT HlP JOlNT 
The racket type of inasion is u^ed and 
a tourmquet is not necessary The femoral 
vessels are easily located and a skin mcision 
IS made longitudmally over the femoral 
artery and vein, beginning at the center of 
Poupart s ligament The common femoral 
artery and vein ate carefully isolated and 
removed from their sheath The artery is 
doubly ligated and the end clamped through 
out the operation The limb is then elevated 
to dram the blood from the veins and the 
femoral vein is then hgated in the usual 
manner Care must be taken that the com 
mon femoral artery is ligated above the 
point of origin of the profunda, olhemise 
the hemorrhage will be profuse 
The incision is then swung downward and 
inward across the thigh to a point about 
three and a half inches below the groin on 
the inner aspect and curved on the posterior 
surface to reach the base of the greater 
trochanter It is then extended upward on 
the lateral surface to meet the anterior in 
usioQ The skin and fascia are dissected 
back and the adductor muscles cut close to 
their origin from the pubic bone 
The extremity is held by an assistant 


and easil> moved into an attitude of ad 
duction or abduction to permit quick sec 
tiomng of muacle tissue and satisfactory 
exposure The muscles on the bteral sur 
face of the thigh are divided, together with 
the gluteus medius, piriformis, obturator, 
gemelli, and gluteus minimus The muscles 
on the front, consisting of the tensor fasaae 
femori*, rectus femoris, sartorius, and psoas, 
and the capsule of the hip joint are cut 
across 

The femur is disarticulated, and all of the 
remaining muscles and soft parts are cut 
through just distal to the tuberosity of the 
tscbium The entire lower extremity is re 
moved All bleeding is controlled The mus 
cle flap is sutured into the acetabulum with 
the intention of filling all dead space, and 
the wound is closed in layers with a rubber 
dram mcerted deep into the acetabular area 
An attempt is made to form a buttock equal 
in size and contour to its fellow, and the 
suture line should be located as far as pos- 
sible from the rectum to prevent soiling 
There must be an excess of muscle tissue 
or other soft parts m this type of amputa 
tion for the weight is borne on the bony 
landmark of the tuberosity of the ischium 
and if this bony mass is too bulky jt tends 
to give an insecure seat and becomes pinched 
by the artifiaal limb 
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PREPARING /VJIPUTATION 
STUAIP 

forty eight to 72 hours following the 
amputation the wound should be dressed 
and, if the flap method is u ed, the rubber 
dram removed. If the guillotine type of 
amputation is used it is usually wise to 
begin skin traction very soon after the 
operation, and by gradual traction on the 
underlying «kin and soft parts one may be 
able to cover the end of the bone in a very 
short time 

In lho«e cases with pnmary union by the 
flap method, the stitches can be removed m 


about two weeks and attention can be early 
devoted to shrinking the stump by the wear 
log of a snug pressure bandage This is 
applied very tidily in the morning and it 
Is de*4rable to wear it all day v ery «nugly 
applied On retiring at night the bandage is 
removed Ordinarily a four inch Ace band 
age makes a very satisfactory pressure 
bandage, and is particularly desirable in 
case:, of high femoral amputation m which 
the excess amount of fat and other soft 
tissue makes the application of a prosthesis 
diflicult 

The stump may be toughened by fre 
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qucnt cold«aler baths and vigorous rub 
bin^ with a coarse towel which should be 
begun cautiously and continued until the 
slump can be rubbed as freely as any other 
part of the body Cocoa butter, glycerine 
or oIi\e oil should be well rubbed into the 
skm at ni^ht and the limb bathed m a salt 
water solution allowing the water to dry 
on the stump to aid m toughening the skm 
The use of alcohol rubs is not advised for 
It removes the oil from the skm and has a 
tendency to make it dry and tender Baking 
and massage may be useful and any of these 
treatments can be recommended to toughen 
the end of the stump but the trauma must 
not be sufficient to produce irritation 
One may ‘ilap the stump with the open 
palm of the hand or paint the M m with 
tincture of benzoin before applying the 
daily pressure bandages and by tliese 
methods the patient soon learns not to fear 
hurling the amputation stump and can begin 
cautious weight bearing with the slump 
placed against the mattress Early con 
trollw! mobility of the stump is greatly to 
be desired for a considerable amount of 
strength is necessary satisfactorily to ma 
nipulate and control any pro thesis There 
fore ihe shorter the stump the greater the 
need for controlled muscle power A stump 
protector as well as a pressure bandage 
later IS of use as it will permit some degree 
of protected weight bearing to be begun 
and the sii/ntp pret^tof^ afica sate the 
stump from being struck by a crutch or may 
prevent bruising the slump end while it is 
comparatively tender 
The use of a pillow under the stump 
while the patient is convalescing should be 
discontinued as «oon as possible for there is 
a ver> real tendency for flexion contractures 
to develop particularly in the <‘hort slump 
The use of i basswood splint or plaster of 
pans drcsbing to hold the proximal joint 
completely extended during the first few 
weeks after the operation may prevent 
flexion contractures After this the patient 
must quicklj become accustomed to moving 


about on crutches for this not only builds 
up the general tone of ail the muscles but 
permits him to acquire a sense of balance 
He must learn to stand erect with his head 
up ttlien using crutches and carry the weight 
on the hands instead of the axillary portion 
of the crutch learning early to toughen and 
control the stump Occasionally it is obvious 
that the limb is becoming irritated and sore 
following these treatments and of course as 
long as the redness and marked sensitive 
ness are present the above methods of pre 
paring the stump for the prosthesis must 
be discontinued Occasionally an underlying 
osteomyelitis may be the cause of the slow 
convalescence and an x ray should be taken 
if there is any evidence of local inflam 
mition 

From an economic and psychologic stana 
point every effort should be made for the 
patient to return quickly to his former occu 
pation as a wat® earner The ordinary 
amputated slump will undergo a certain 
amount of shrinkage for approximately 12 
months after the opention but the majority 
of stump changes will occur within the first 
SIX months so that as early as possible the 
patient should be fitted with some type of 
atUfiaai limb The acconimolalion of the 
amputated stump must be a thorouji grad 
ual and continuous one for there are many 
changes within the skm in the underlying 
soft tissues and in the lone that nature 
mast mtke in order diat the aw/uiJec on 
wear any type of prosthesis comfortably It 
means that the bone must be the point of 
insertion of the divided muscles so that a 
firm fibrous cushion securelv under the bone 
end will allow complete control of the 
stump 

While it IS obviously a very expensive 
proposition to fit patients with several 
prosthesca before the limb has slirunk to its 
ultimate size it is not expensive to make a 
plaster pylon which will permit weight 
bearing and it is advl^ab!c in certain in 
stances The need of a temporary pro>lhc5is 
vvill evoke great di^cu'ssjon among the limb 
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makers for the majority fa\or fitting the 
permanent limb at the beginning and maL> 
mg necessary alterations to the socket later 
to compensate for the “hrinkage They feel 
It IS better if the patient can start walking 
on the type of limb which be will ultimately 
use l\Tiile the plaster pjlon is a \ery in 
expensive tj^ie of prosthesis, it does not 
leach the patient to accustom himself to the 



Fig 4^9 An inexpensive and 
easily made plaster pylon 


fool and knee action as will the permanent 
type of artifiaal limb, however, the plaster 
pylon as a temporary prosthesis is at limes 
a very useful one and is made as described 
below 

MAKING TEAIFORARY 
PROSTHESES 

There are many t>-pes of temporary 
prostbeses which may be utilized, using 
molded leather, a bght metal, or fiber ma 
tenal, but we believe the most generally 
applicable and least expensive one is made 
using plaster of pans and an ordinary 
crutch This temporar> prosthe«is is made 
b> wrapping plaster bandages about the 


individual stump and incorporating into 
this plaster-of pans bucket the lower half 
of a crutch These materials are always 
available, are inexpensive, and fulfill a nec 
essary requirement forearlj weight beanng 

In order to make this pjIon, an ordinary 
good grade of dental plaster of the quick 
«etting variety is u^ed, that is, one setting 
in two or three minutes Plaster bandages 
are wrapped about the amputated stump 
snugly, the slump first being covered with 
a tubular stockinet extending well up above 
the margin of the planned bucket If it is a 
thigh stump a itnp of cardboard six inches 
wide and long enough to encircle the stump 
should be placed around it and held m place 
with adhesive straps This simple method 
senes as an appliance for molding the lower 
end of the plaster bucket and leaves the 
conical bottom open Four or six inch plas- 
ter bandages are then evenlv applied One 
should make the casing as light as possible, 
and mold it well along the upper border 
which will be in direct contact with the bony 
prominences of the stump The stump end 
must be held perfectly still while the plaster 
hardens so the muscles will not distort the 
contour, and the position must be that which 
the limb will assume m weight bearing This 
pio^iUon m the thigh usually means that the 
hip is extended and the amputation stump 
15 m about 10“ abduction After the plaster 
IS set It IS carefully rounded on its superior 
border, and if the bucket is being made for a 
mid thigh slump care should be taken to 
mold the plaster well about the tubero:»ity of 
the ischium, the gluteal fold, the perineum, 
and over the greater trochanter region This 
will permit the completed mold to extend 
obliquely under the tuberosity of the 
ischium following the contour of a well 
fitting Thomas ring cplint and will allow 
the edge of the p>Ion to receiv e much of the 
body weight 

If the leg IS the part being prepared, as 
would be necessary in the amputations 
about the foot a sufiiaent window on the 
anterior surface of the plaster is cut out to 
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permit the amputated extremity to be with 
drawn, after vhich tins window is strapped 
back mto position The plaster casing or 
bucket IS then removed from the stump and 
set aside for a day or t\\ o to dry thoroughly 
In foot amputations, lateral side pieces 
arc fixed into the plaster with the ends pro- 
jecting a trifle below the end of the ankle, 
and a wooden block of necessary length is 
fitted to this so that the patient walks in 
his plaster mold with the weight evenly 
distributed Later, after the sensitiveness 
disappears, there may be inserted in the 
bottom of (he socket different thicknesses of 
felt, which are gradually removed until the 
entire weight is borne on the stump end 
V light fiber material has been used to 
make the prosthesis lighter, but for civil 
practice the most easily available and in 
expensive material is plaster of pans It 
may be desirable to make these pylons 
waterproof, and if so, they can be shellacked 
or a waterproof type of material such as 
Castex can be used 

An ordinary wooden crutch is used After 
removing the hand grip, the crutch is sawed 
to the proper length and beveled so that it 
Will fit smoothly against the plaster bucket 
After trimming the lateral side bars and cut 
ting them the desired length the crutch is 
fitted to the medial and lateral aspects of 
the plaster socket At this point careful 
alignment is absolutely necessary so that 
the weight bearing will be in a straight Ime 
from the stump end The crutch is cut to fit 
the shape of the bucket, and the cross bar 
ordinarily used for gripping and which was 
removed, is replaced so that there will be no 
tendency of the crutch to crush against the 
socket while the plaster is soft Also, by 
replacing the hand grip, the stability of the 
crutch IS increased Plaster of pans band 
ages are then wound around the wooden 
upright, holding the crutch securely against 
Uic socket 

A more cumbersome method of making a 
weight bearing extremity is to u«e a simple 
peg leg incorporated into plaster, firmly 


fixing It m the plaster mold This gives a 
heavier and more cumbersome prosthesis or 
pylon, but m the absence of a crutcii it mav 
be used After completing the temporary 
prosthesis it is sawed off a half inch shorter 
than the normal extremity and fitted with a 
rubber tip The plaster pylon is then sus 
pended by a shoulder strap of two inch 
webbing with a piece of elastic webbing 
sewed into its middle This is earned under 
the crutch handle and over the shoulder 
The two ends are then buckled in front and 
secured to the upper side of the bucket by 
straps or buckles as shown in Fig 459 The 
prosthesis is worn with an ordinary woolen 
stump sock which furnishes the necessary 
padding over the end of the limb As the 
smaller end of the bucket has been left 
open, the sock can be passed through this 
openmg and pulled down so that it will not 
be too firmly pressed against the soft parts 
while weight bearing A pelvic band is often 
used and preferred by the patient to hold 
the prosthesis firmly m place These tem 
porary side bearing prostheses are quite sat 
isfactory and very cheaply made 

If an end bearing type of stump is de 
sired, a layer of felt is placed in the end of 
the bucket and passed over the outside, 
making a bottom to the conical plaster 
cavity 

If a short amputation is being treated, 
care roust be taken not ie have a sharp 
edge of plaster jut against the tuberosity of 
the ischium, but to have the edges everted 
so tbit the patient sits m this cuphke con 
tamer 

In making a bucket for a temporary pros 
thesis following disarticulation at the hip, 
the patient supports himself on the opposite 
extremity while a piece of tubular stockinet 
IS pulled up from below and sewed over the 
body The plaster bandages when applied 
will include the whole pelvis The plaster is 
then well padded and well molded to the 
bottom and sides of the stump, extending 
above (he antenor superior spine and crest 
of the ilium on the affected side Fixation 
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of the bucket to the body js secured by In amputations below the knee a fiber 
ebbing straps going around the pelvis to tyi» of artifiaal limb is extremely satis 
pre\ent lateral displacement, and around factory It has a lacing abo\e the knee and 
the opposite shoulder is placed elastic web a hinge joint at Uie knee The United States 
bing This nebbing passes beneath the Army uses a temporary leg prosthesis made 
bucket and is fixed to it so that, nith a hip of fiber which may be bought in quantities 
disarticulation the amputee has a fairly and ma> be easily adjusted as the limb un 
comfortable appliance and walks about as dergojs shrinkage 


Fig 461 



Fig 460 Fic 462 FiC 463 Fic 464 


Fig 460 Tilt table tj-pe of prosthesis for disarticulation at hip Sometimes a shoulder 
strap IS used in addition to wide band about the waist (Courtesy, J E Hanger Co , 
Inc St Louis AIo ) 

Fic 461 Below elbow arm showing gto\e usually worn over hand and shoulder strap 
that loops o\ er opposite shoulder Pull cord is attached to this shoulder loop and controls 
mo\emeat of thumb Lacing on posterior surface of forearm allons for shrinkage and is 
not shown in the photograph There is a Ihree-position elbow lock, adding to value of 
limb (Courtesy, Aliracle Artificial Arm Co Chicago, lU ) 

Fic 462 \boie elbow arm ha\ing a crowfoot tj-pe of single-pull harness Hook is 
controlled by opposite shoulder motion and dre'^ hand can replace book apparatus for 
dress purposes 

Fig 463 Prosthesis for Chopart and Lisfranc type of amputation This amputation is 
difficult to fit and IS emplojed infrequently (Courtesj, J E Hanger Co, Inc St Louis 
Mo) 

Fig 464 Prosthesis employed m Firogod and Syme amputations This is a difticult 
amputation stump to fit and is not frequently employ cd (Courtesy, J E Hanger Co 
Inc , St Louis, AIo ) 

well as a patient with an ankylo^d bip It must be remembered that the patients 
These patients cannot sit down easily, bow who become habitually accustomed to the 
e\er, but because the musde pad is not ex use of crutches sometimes develop crutch 
cessive 1 temporary prosthesis is usually paralysis from pressure of tlie crutch m the 
unnecessary \\ith this type of stump a few axilla upon tlie brachial plexus The treat 
weeks are adequate to fit the patient with meat is temporarily to discontinue the use 
a permanent prosthesis of the so-called of crutches and to enforce weight bearing 
table tilt type as shown m Fig 460 on the hand grip instead of m the axilla 
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ARHriCL\L LI'\IBS 

Many artificial limb manufacturers insist 
that the amputee should hegm the use of a 
permanent prosthesis is soon as any weight 
can be borne upon the stump, and that the 
patient should spend all of his efforts to 
ward learning to control the stump and 
learning to balance his body 

Wearing a limb i» undoubtedly in some 
cases the best uay to develop the slump 
ind Us use has a great psydiologic effect 
Crutclies m this type of individual may re 
tard rather than lessen the patients period 
of convalescence, and he does not have to 
overcome some of the wrong walWing habits 
he may develop with the use of pylon or 
temporary prosthesis 

Tbt growing child will easily adapt him 
self to the pernnnent artificial hmb and 
It 19 estimated that the ordinary Imib will 
last a child from three to five years It is 
true tint m growing children the bone in 
the ampulatcd stump will grow proportion 
atoly faster than the soft tissues, and as 
has been pointed out an epiohyscat arrest 
of the proNimal oTOwing centers may be 
very useful 

No hard and fast rule can be (aid down 
for all types of patients but it is fell that 
in the average ca<e met with m civil prac 
ticc, and particularly in children the pa 
lienl is saved some time and worry if the 
permanent artificial limb is fitted to the 
amputation stump as soon as the local con 
(litioii w ill permit The artificial limb should 
be obtained from well established firms or 
artificnl limb makers and it must possess 
comfort strength and durability Various 
types of strong light nnlenal have been 
employed such as some of the lij^hter 
woods metals or fiber compositions and 
while Uicre are certain «pccial features 
offered by different hnib makers (he am 
putee cannot go far wrong if he chooses 
a v\ ell established company which will co- 
openie with the surgeon in trying to solve 
the individual problem presented 
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I Oil Upper LxTBEiiiTi 

A utility hand or single and double 
hook limb Is most satisfactory for working 
and, if possible, a dress hand for cosmetic 
reasons is advisable These hook hands per 
nut the opening of the yaws by a slight 
shoulder movement and are capable of hard 
service for holding or lifting objects The 
mechanical hand can handle light objects 
with ease and most of them have a simple 
mechanism of oppos ng the thumb to the 
semiflcxeil fnij^ets and, in the more compli 
cated hands often some finder control The 
highest type of eftiaency for artifiaal limbs 
for the upper extremity seems to have been 
reached with tjie cmeplastic appliances 
which are described elsewhere As the value 
of the upper extremity primarily depends 
upon dexterity of movement it is obvious 
that the loss of the upper extremity is not 
so easily compensated for as the Jo a of the 
lower In order to accomplish work requir 
mg heavy labor the simpler mecliamsms 
arc advised A «edeiiiary occupation will 
lend Itself to utilization of the highly com 
plicated mechanical limbs 

For Lower Extremiiv 

In the fool the lasfranc and Chopirt am 
putaiions arc difiicull to fit with a pros 
thesis They can be filled with a leather 
boot which IS padded to relieve pain and 
tenderness but as a rule these procedures 
give loo short a stump In the Pirogoff or 
Syme amputations an unsightly and con 
^picuous stump with a large ankle is pro 
duced and in all four of these operations 
the artifiaal limb maker would prefer that 
the patient have a satisfactory below the 
knee amputation, for he feels that a very 
satisfactory artificial foot can then be made 
am] that an inconspicuous practical below 
the knee prosthesis ts very much more de 
sirable 

The below the knee ^lump is ideally 
seven inches long and can be fitted witli a 
natural flesh color leg and a laced cuff over 
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the thigh which will permit adequate coo 
trol This can be made very light and 
strong The higher type of below the knee 
amputation can be fitted with a knee bear 
mg type of artificial limb which is useful 
for the \ery short tibial stump limb In this 
type of prosthesis the weight is borne on 
the Qexed knee which rests on a suspended 


salisfactoiy from the standpoint of the arli 
fiaal limb maker In the middle and upper 
thirds of the thigh the weight will be borne 
largely on the ischium, and m a \ery short 
thigh amputation the artifiaal limb must be 
held firmly to the body by shoulder straps, 
or in certain cases a wide band may fit com 
fortably and smoothly about the hips This 


Fig 468 



Fio 46a Fig 466 Fro 467 Fro 469 Fig 470 


Fro 46a Below knee prosthesis fitted on on ideal «evcn inch leg stump, showing control 
of Umb 

Fro 466 Knee-bearing prosthesis which can be satisfactorily used for very short Ubial 
stumps (Courtesy, J E Hanger Co , Inc , St Louis, Mo) 

Fig 467 Prosthesis for amputations above knee A middle or lower femoral stump is 
desired (Courtesy, Jf E Hanger Co , Inc , St Louis, Mo ) 

Fig 468 \ ray of short Ubial stump, knee-bearing type of prosthesis shown in Fig 464 
was employed 

Fig 469 Case of infection from Bacdlus a.elchn {CloUndnim perjrtngcns) Mid 
femoral amputation was done and satisfactory stump resulted 
Fic 470 Stump needing remodelmg, at which time upper tibial epiphysis was de 
stroyed, as desenbed in text 


rubber and leather slmg, giving on end 
bearmg stump with its laced cuff about the 
thigh 

When disarticulaUon at the knee is neces- 
sary, a saUsfactory type of prosthesis has 
been shown, and here shoulder straps or 
pelvic straps are not required because the 
bulbous end of the femur will permit a “^nug 
lacing about the thigh, giving control of the 
arUfiaal limb 

In the thigh, it may be stated that all am 
putaUons through the middle third are 


band type has the advantage of holding the 
wearer firmly in the socket, whereas, with 
the shoulder control type, the stump has a 
tendency, when the body is bent fonvard, 
to drop away from the prosthesis 
With disarUculations at the hip or short 
amputaUons two inches or less from the 
crotch, the Idt table type of artificial limb 
with the broad pelvic band is quite satis 
factory, but sometimes may need to be re 
inforced fay shoulder straps In this pros- 
thesis the buttock rests on the top of a 
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artificiai. limbs 


In certain ariinudi uu»uj 

-r Tn some msiances the i» . ^ ^jje acti%e control o 


= r.r^.« Si :ts:;Er=-. .. 

ucnfs sUn may be aU to ^.e prosieats 

stocking I'hich "ill Si'o “ 

p.„t ComPUc<,im^ ‘mdCausesJcrRc^^;^^ 

~mZri77fixed point and technicallj simpbfies the 

o^muon^^ ....isableto^t. 

hand, shock as a °rScca BacMuz ^dchn follonmg any amputation 

itscH may be severe and alarro m ^ ___ traumatized hmbs 

sionally local injection ^ The use of deep x ray therapy pre and 

prior to amputation or pcstoperauvely m this type of wound is ad 

sens the possibility of this ^ j Large do.es of cpecific serum m 

iirSt^rorr'ta^^t-ms <>< ":,fii 

neai, uinub resorted to 


SarntVhead should all be resortrf^^ 

As a rule, how ever, if the patient s fluid con 
tent has been carefully raised by P«“P*" 

uve, operative, and postoperative infusions 

or transfusions, shock may be kept at a 
mmimura ISee Chapter 22 tor complete 
discussion of shock —Ed ) 

Hemorrhage OperaUve hemorrhage will 


COnirOimig cat.; vea-ew 0~ ' 

well as the local use of lulfamlamide, will 
sometimes inhibit the growth of the gas 
bacillus and save patients from an amputa- 
tion (See also Chemotherapy, Chapter 22 ) 
Tetanus In all compound wounds there 
IS also the danger of tetanus, but the use 
of massive doses of antitetanic serum will 
deaease the danger of this complication If, 


Hemorrhage fl does however, any subsequent surgery is neces- 

rarely be a complication, ^ severely compounded wounds, 

occur The bleeding encou^^^^^fi felt the serum should be repeated when 


occur inC Uicvuaug - 

operaUon is easdy conlrolled, and Ihc larger 
vessels should be doubly hgaled with 
Oiromrc catgut If the lourn.quet is so up 
phed before the operation that it can be 
loosened gradually , the smaller blerfers can 
then be easdy identified and tied II the 
lourniquet should suddenly loosen, digital 
pressure ptoximally over the larger arteries, 
such as the femoral in the groin and the 
brachial in the arm, will have to be made 
very quickly In operaUons about the hip 
and shoulder, Wyeth pins are p^ed 
through ihc muscular tissue about the sboul 
der and hip to hold the tourniquet from dip 


It IS felt the serum should be repeated when 
e\er subsequent surgery becomes necessary 
within a year from the original trauma 
Flexion Contracture Flexion conUac- 
ture at the proximal joint may occur if the 
amputation is done close to the joint line, 
and this is particularly troublesome m the 
short leg stumps and high femoral ampu- 
tations We have found that the most 
satisfactory method to prevent these con- 
tractures is to apply plaster-of pans or bass- 
wood splints to the amputated slump at the 
time of operation, running this support well 
beyond the proximal adjacent joint and 


itpr-^mlhin to hold the tourniquet irora Slip ucj-unu jv.... aut. 

Dint: as Inscribed under Operative Technic holding the leg m the fully extended posi- 
tor these rcgmiis This s.mple method w.U Uou until wound healing has occurred In 
permit the tourmquet to be wrapped about some instances these contractures have re 
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quired delay in the application of a pros 
thesis until they could be corrected by opoi 
operation This complication has not arisen 
folloTvmg the use of the plaster of pans 
splint 

Infection of Hair Follicles This some 
times causes considerable annoyance, par 
ticularly to the male patient ^\Tien these 
infections do not re'^pond to the usual meas 
ures, It is probably better to remo\e the 
hair by electrolysis 

SUilMAHY 

In a senes of 70 cases of amputation re 
cently reported 2S 6 per cent of the cases 
required re amputation and the following 
were the most common causes found 

There may be infection of the deeper tis 
sues due to preoperative, operative, or post 
operative causes If amputation is done 
through an infected area, subsequent drain 
age will delay the healing process Some 
times the gross appearance of the tissues 
mil not give evidence of the preexisting 
infection These wounds heal «lowIy, and if 
there is any reason to suspect a dare up of 
a latent mfeclion, it is better not to close 
the skin tightly, but to allow adequate 
drainage 

\n operative infection is another com 
plication that must always be considered 
and too frequent dressings will also open 
an added channel to the possibility of in 
fection An osteomyelitis of the underlying 
bone IS a complication that should always 
be considered in draining a stump accom 
panied by other evidences of local inBam 
mation An x ray picture of all amputated 
stumps which do not heal per primam may 
give valuable information to the operator 
as to the cause of the underlying pathology 

A disproportion of growth in the am 
putated Stumps between the bone and the 
soft tissues has been noted in amputation^ 
in children This has resulted in the skin 
being tightly stretched over the end of the 
bone due to increased bone growth, and has 
given rise to a painful stump Particularly 


in the upper tibial and lower femoral epi 
physes have we noted this complication so 
that at present in these casea we are careful 
to fuse these epiphyses at the time of the 
original amputation or shortly thereafter 
This point was originally pointed out bv 
\om Saal 

The development of painful spurs on the 
end of the bone may require a re aniputa 
uon A number of patients fir>t complain of 
pain at this point following the wearing of 
a prosthesis, and x rays will reveal the spur 
formation about the bone end which war 
rants operation This compUcaiioti usually 
means that, at the lime of the amputation, 
<iufhcient care was not exercised in exposing 
and retracting the tissues, for undoubtedly 
careless handling of the periosteum will 
give rise to spur formation on the bone ends 
Unless a periosteal cuff about the end of 
the bone is removed at the time of the 
amputation, the stump is prone to develop 
exosto«es and «purs under the normal 
trauma of weight bearing Injection of 99 
per cent alcohol into the nerve stumps les- 
sens the probability of neuroma developing, 
and this injection should be routinely done 
These neuromata produce bulbous swellings 
at the end of the nerves and can be very 
painful, necessitating sub equent explora 
tion and excision 

Vascular occlusion or arteriosclerotic 
gangrene, in which the amputation is done 
below the limits of healthy skin, will result 
in necrosis and reUaclion of the tissues We 
are using histamine flare injections as de- 
scribed in Part 1, and these injections 
are applied at various levels on the extrem 
ity to determine the suitable area for am 
putatron An area of erythema less than one 
inch m diameter £ve minutes after injection 
IS considered to be evidence of inadequate 
blood supply at that level 

Disregard for Site of Election Another 
frequent cau-e for re amputation is disre 
gard for the sites of election, and unless 
there are definite individual reasons, these 
sites of election should be rigorously ad- 
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hcrcd to Thjs is discussed m detail in Part 
I Because a long fibula is so frequently 
tlie cause for re-amputation in short leg 
slumps, It should again be emphasized that 
ui leg slumps less than five inches in length 
vt IS best to excise the whole fibula at the 
time of the original amputation 
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Vascular Disease 


Leland S McKittrick, M D , 
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INTRODUCTION 

It IS the purpose of tbs chapter to dis* 
cuss major and minor amputations in 
chrome obliterative arterial disease of the 
lower extremities It will include, therefore, 
the various aspects of the problem m rela 
lion to the following condiuoas (i) Pe- 
ripheral arteriosclerosis in both the diabetic 
(babetic gangrene) and the nondiabetic 
(senile gangrene), and (2) thrombo-angutis 
obliterans 

Most of the discussion to follow is ap- 
plicable to all of the three groups However, 
the reaction to infection and the indications 
for amputation in patients with diabetes 
mellitus are so different from those in pa 
tients with thrombo angntis obliterans that 
cer tain aspects must be considered sepa 
rately "Moreover, it would seem imperative 
to review the major points in the differential 
diagnosis of these conditions These will be 
summarized m a subsequent paragraph 
Emphasis will be placed on the lesions 
occurnng in patients with diabetes mellitus, 
not only becau<:e they are the most common 
ones but also because they are the m«»t 
difficult to treat successfully 
In the diabetic we cannot limit ourselves 


(o the consideration of patients with ad 
vanced arterial disease, but must also in 
dude those with infection who have little 
or no impairment of their arterial circula 
tion This group is particularly important 
Since, when properly managed, its mortality 
should be low and amputation above the 
tnidmetatarsal region rarely necessary 

GENERAL CONSIDERATIONS 
la treating a patient with impending or 
actual gangrene of a lower extremity, the 
Surgeon must recognize that in both 
tbrombo-anguus obliterans and senile gan 
grene (more particularly m the latter), the 
penpheral lesion is but a manifestation of a 
generalized vascular process, and that the 
arteriosclerotic patient with gangrene of a 
toe m all probability has obliterative dis 
ease of his coronary and cerebral vessels, 
and that therefore sudden death from a 
Coronary occlusion may and actually does 
Occur with disturbing frequency The strain 
of prolonged and continuous pain in the 
hope of avoiding amputation may well be 
the precipitating factor in such an accident 
An understanding of the many problems 
these patients present and an extensive ex 
penence in their management would seem 
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lo justify the follo\Mng important pnnci 
pics essential lo the successful treatment of 
these cases 

1 Careful preoperativc study and man 
agement both medically and surgically 

2 Avoidance of unnecessary delay in se 
IccJjon and performance of proper type of 
amputation 

3 Well planned and meticulous opera 
live technic 

4 Early recognition of surgical complica 
lions especially that of spreading or un 
drained infection m operated foot or stump 

5 Continued general treatment and su 
pervision of unoperated extremity to avoid 
development of lesions which might preapi 
tate need for amputation of remaining foot 

DlFrERLNTIAL DIAGNOSIS 

Arteriosclerotic Gangrene Artenosclei 
otic gangrene with and without diabetes 
may occur in either male or female The 
symptoms arc usually of short duration and 
very rarely seen below the age of 40 onfy 
occasioinlly between 40 and SO, frequently 
bciH cen SO and 60 the average age of the 
patients being approximately 67 years 
DcJinjic calaficaPon of the vessels by x ray 
will be present m 70 per cent or more of 
these patients but may not be demonstrable 
particularly in the absence of diabetes 

A diagnosis of diabetes meUitus is made 
upon, a patvewt. 'f.bosie ve 

nous blood sugar on an unrestricted diet js 
0 13 per cent or more fasting or 0 17 per 
cent or more after a meal ‘ (blood sugars 
of 130 and 170 respectively —Ed ] Since 
we have '^ecn no case of thromboangiitis 
obliterans associated w ith diabetes at either 
the Massachusetts General Hospital or the 
New England Deaconess Hospital, forprac 
lical purposes one can assume that gangrene 
in the presence of diabetes is not due to 
ihrombo-angiitis obliterans 

Thrombo angiitis Obliterans This is 
primarilj a disease of >oung and middle 
aged men In 112 cases admitted to the 
Massachusetts General Hospital there has 


been no proved case occurring m a woman 
rhe average age of these patients has been 
39 years, mth sn average puraUoa ol symp- 
toms of 2 7 years It is only occasionally 
seen in patients over 50 years of age, though 
jt may occur in the older age group Calci 
ficauon of the vessels by x ray was demon 
strable m only 10 per cent of the cases 
studied and m these cases the calcification 
was only slight in amount Rligratmg phlebi 
Us involving the superficial veins may or 
may not be present It is then primarily a 
disease of young and middle aged men with 
symptoms of long duration and with little 
or no calcification of the arteries demon 
strabJe by x ray It usually involves one or 
both lower extremities but not infrequently 
becomes quadrilateral 

AMPUTATION IN ARTERIO 
SCLEROSIS DIABETIC 
Amputations m so>calIcd diabetic gan 
grene make up a large proportion of all 
operations in any active diabetic clinic It 
is also (rue that lesions of the lower extremi 
ties are one of the most important causes 
of death in diabetic patients now that coma 
has Its speahe antidote insulin 
The diabetic has always been a difncult 
surgical problem because of liis increased 
susceptibility to infection a factor which, 
when associated with arterial deficiency of 
atv exUeTOiVy, often, creates a svtviation m 
wbicb amputation is necessary as a life- 
saving measure The tendency of infection 
lo extend and the real danger of septicemia 
and dealh if prompt surgical measures are 
not taken, is the most pressing problem that 
confronts one in the care of these patients 
Diabetics stand long continued sepsis 
poorly, both in general and m respect to the 
diabetes itself Consequently cardiovascular 
and urinary tract complicauons often occur 
in patients with a chronically infected foot 
The importance of adequate medical 
treatment of the diabetes itself is self-evi 
dent and rauat go hand m hand with the 
surgical treatment Qose cooperation be- 
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tween the medical and surgical sides i:> 
essential Formerly it was a common mis- 
conception that surgical procedures ^ould 
not be undertaken in the pre^nce of un 
controlled diabetes This often led to fatal 
delay m operation It is now ^ell recognized 
that the diabetes caimot be completely con 
trolled under these conditions until the acute 
infection has been elimmated It must there 
fore be the responsibility of the surgeon to 
decide when amputation is indicated regard 
less of the diabetic state if the infection is 
so acute as to make defay dangerous This 
applies, of course, to the patient with the 
acute ascending tj-pe of infection or to the 
patient who already has a general sep 
ticemia. In manj instances in which gan 
grene or a fairly well localized infection is 
present immediate amputation is both un 
necessary and harmful Here there may be 
a real opportunity for improvement of the 
patient as an operative risk, in regard to 
both hi» diabetes and his general condition 
In this type of case the surgeon must be m 
constant touch VTith the iDterm;>t, m order 
that the patient may have the benefit of a 
combined opinion as to the optimum lime 
for operation The same close cooperation 
IS e^ential m the po^tperatI\e period when, 
as noted above, complications secondary to 
general vascular disease are not unconinion 
Another characteristic of the diabetic 
group must be mentioned Arteriosclerosis 
tends to occur at an earlier age than in the 
nondiabetic arteriosclerotic It i> true also, 
however, that the diabetic seem:, to have a 
greater tendency to develop collateral or 
dilation, pos'ibly becau«e of the longer 
duration of his obliterative arterial di<«ase 
or possibly because much of the earlier 
pathologic process} in bis arteries is m the 
intima, with the result that gradual obht- 
eration occurs, rather than the more sudden 
massive thrombotic ocdib>ion It is notun 
common to find that a diabetic has developed 
such a rich collateral arculation that be is 
active and symptom free even thou^ he 
has no palpable peripheral pulses below the 


grom It Is important to remember, how 
ever, that collateral arculation which will 
sustain a given foot m the normal rouune 
ma> be inadequate to withstand an eztcn 
live infection or an operative procedure in 
volving the deeper structures of the foot 

In studying or reporting lesions of the 
lower extremities m diabetic patients it is 
of utmost importance to consider those le 
sions due primanly to a defiaent arterial 
supply separately from those where the ar 
tenal supply is adequate and tlie problem is 
pnmardy one of infection However, since 
the discussion which follows is chiefly re 
lated to the indications for and the technic 
of amputation, and since the indications for 
and the level of amputation are dependent 
both on the extent of the infection and on 
the circulatory pOsMbiliUes of the foot, it 
will be to consider them together 

PzEOPESAnvx Manaceiiest op 
D lASETtS 

lu treating the diabetic patient we must 
remember not only that (1) he has diabetes, 
but also that (2) he has had a metabolic 
disease for one or more years, (3) that he 
probably has widespread cardiovascular 
disease, (4) that he is undernourished, (S) 
that his protein, glycogen, vitamin, and 
other re'^erves may be badly depleted, and 
(6> that in addition to correction of his car 
bohydrate intolerance every effort must be 
made to improve his general condition so 
far a^ potssible 

Aloat patients entering the hospital with 
gangrene or infection will have an uncon 
(rolled diabetes It will probably be ini 
possible completely to control the metabohe 
disturbance m these patients, and no at 
tempt should be made to obtain and mam 
lain a normal blood sugar U henev cr possi 
ble the diabetic patient should go to the 
operating room well fed, with his hver well 
stocked with glycogen and his urine without 
aad and with little or no sugar IVhereas 
the diacetic aad can and should be readily 
ehmmated by insuUn and carbohydrates, it 
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may be difucult and even dangerous to at 
tempt to render the urine sugar free by large 
doses of insulin m the presence of undramed 
infection 

Diet and Fluids In the untreated or un 
controlled diabetic patient any sudden or 
rapid restriction of diet especially carbo 
h>dratc may be disastrous Acidosis, dis 
lurbance of the hepatic function and even 
anuria In\e been so produced A carbohy 
drate intake of 12a to 150 Gni a protein 
equivalent to 0 8 or I 0 Gm per kg of 
lody weight and fat to a total caloric m 
take of approximately 1 SOO calories should 
be given daily The diet should he simple 
and nourishing and supplemented in most 
instances by additional vitamins particu 
larly A C D and the B complex 

If the mouth intake of carbohydrate 
IS inadequate parenteral administrabon 
should be used in the form of S per cent 
glucose in normal saline or distilled water 
intravenously or 2 S per cent glucose in 
saline by hypodcrmoclysis Fluid intake 
should be adequate to insure an output of 
I SOO cc daily if possible However we be 
lieve fluids in excess of 3 000 cc per day 
may be dangerous to the elderly patient 
with bad cardiovascular disease Moreover 
we are careful not to give in excess of 30 
Gm of salt per day unless Uiere is a chloride 
deficiency or unless there is loss of chlorides 
by d arrhea excessive perspiration or vom 
Kmg 

It was formerly our custom to give nour 
ishing fluids to within four hours of opera 
tion Experience showed that in many 
instances this fluid was later vomited by (be 
piticnt cither at the time of operation or 
ilircctly following and that it could not be 
depended upon to increase the glycogen re 
er\o It was therefore discontinued so that 
now no nourisliing fluids are ever given 
within six liours and only rarely witbm 12 
hours of operation We do not routinely 
give either h>podermocl>sis or intravenous 
fluid on the morning of operation 

Insulin If the patient has been taking 


msubn prior to admission to the bo pital 
be IS given amounts comparable to the usual 
requirement The do«es however may be 
smaller and at more frequent intervals If 
the patient has been taking regular insulin 
no attempt is made to change to protamine 
insulin before operation although on the 
morning of operation a dose of protamine 
zinc insulin is frequently given because of 
its long continued action which is excellent 
protection during the entire operative and 
early postoperative period One half to two 
thirds of the usual dose of msulm should 
be given on the morning of operation If 
the patient has been taking protamine zinc 
insulin it should be supplemented by regu 
lar insulin as needed Small doses given 
every three or four hours are safer than 
large do«es at longer intervals 

Postoperative Management op 
Diabetes 

Diet and Fluids The fluid intake subse 
quent to operation is comparable to that 
used in the preparation of the patient for 
surgery 

Except when the nature of the operation 
requires special dietary regulation liquids 
su^ as oatmeal gruel made with water hot 
tea or coflee (with crackers or toast) are 
given freely Gingerale and orange juice 
with egg white are given sparingly on the 
day after operation One hundred to 150 
Gm of carbohydrate are given daily, that 
amount not taken by mouth being given by 
supplementary parenteral a Jministralion 
The average postoperative diet of 10 recent 
patients after amputation of a leg at the 
New England Deaconess Ho pital was ISO 
Gm of carbobjdrale 70 Gm of protein 
ami 90 Gm of fat 

Insulin The rapidly acting costallinc 
jDauIin and the more slowly acting pro 
tamine zinc Insulin are potent drugs cssen 
tjal lo (he safely of diabetic patients but 
at the same time dangerous unless fully 
understood and carefully handled 

Lutses bouse officers and doctors must 
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be constantly alert to jnsulin reactions 
Characteristic symptoms of weakness, hun- 
ger, nervousness, sweating, and pallor maj 
be absent or masked by other symptoms 
of the patient s surgical condition Any sud- 
den change m the patient’s physical or men 
tal state may be a symptom of hypoglycemia 
that necessitates an accurate diagnosis 
Blood should be taken immediately so that 
the level of blood sugar may be determined 
Intravenous infusion of 10 per cent glucose 
may be started at once, to be continued or 
discontinued depending upon the level of 
blood sugar as reported by the laboratory 
It IS important to realize that diabetic coma 
IS more easily avoided than insulin shock, 
that normal repair of the wound will take 
place with a decreasing amount of sugar 
in the urine, even though the blood sugar 
may remain as high as 180 or 200 Mg per 
100 cc for four or five days after operation, 
and that no attempt need be made to render 
the urine free of sugar in the early post 
operative course of the patient 

At the New England Deaconess Hospital 
the routine postoperative insulin orders are 

1 Test the urine (Benedicts test) every 
four hours 

2 Give iHsulin (crystalline) 15 units if the 
reaction is red 10 units if yellow, and 
5 units if yellow green 

As soon as the patient can take bis usual 
amount of food, the dose of protamine zinc 
AwsivUv iip *'-A»av;wRd .vtf pvnsrpiRiat.'Jsf 
level, with the addition of crystalline in 
sulm m accordance with the results ob 
tamed The determinations for the blood 
sugar value should be made as soon as the 
urine becomes sugar free In this connection 
it must be remembered that removal of a 
badly infected foot will rapidly increase the 
carbohydrate tolerance of the patient and 
corre'ipondingly decrease the insulin re- 
quirement 

Comment Paralysis of the bladder, par- 
ticularly m elderly diabetic patients, is by 
no means uncommon and is often without 
symptoms In the case of such a patient. 


therefore, the result of a teat of urine not 
obtamed by catheter may not represent the 
true excretion of sugar at that time but 
rather that m the accumulated urine of 
some hours before \ red reaction thus may 
lead to unnecessary administration of m 
sulm and serious hypoglycemia 

Patients with active acute infectious proc- 
esses which may go on for days, for example 
carbuncles or infections of the extremities, 
may require increase of the dose of insulin 
to as much as 100 to 150 units per day 
Then suddenly, after drainage of the car 
buncle or ampulation of the limb, the pa 
iieni's tolerance may rapidly improve, with 
the result that if the high do^e has been con 
tmued serious hypoglycemia will occur For 
this reason it is our practice in surgical con 
ditions such as these not only to make a 
quantitative determination of the concen 
tration of sugar in the 24 hour «pecimen of 
urine, but, in addition, to test single speci 
mens at two*hour intervals dunng the day 
so that a continuous picture of the sugar 
excretion is obtained Thus if the patient 
suddenly begins to excrete specimens free 
of sugar, ihe dose of insulin immediately 
can be omitted 

The administration of dextrose solution 
intravenously as a means of feeding the dia 
betic patient after operation is of great 
value, but hypoglycemia develops easily if 
insulin IS administered at the same time as 
.ilsaj .'J .vmvlvp jvilmvwAtftwd 
according to the amount of sugar m the first 
unne voided after administration of intra 
venous dextrose, hypoglycemic reaction will 
frequently occur A good practice is to give 
a small dose of insulin, depending upon the 
amount of sugar in the urine just before 
dextrose is given inlr3venou«;ly No insulin 
is given in an attempt to utilize the dextrose 
about to be administered The patient is 
encouraged to void two hours after the in 
jectioo has been completed The urme will 
in all probability contain a large amount of 
sugar If insuhn is given depending upon 
the amount of sugar contained m this «peci 
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men, tJie level of blood sugar may be falling 
m response to tbe stimulation produced by 
the dextrose solution and a senous hypo- 
glycemia may result We therefore disregard 
this speamen If any subsequent specimens 
of unne contain sugar, however, the usual 
order for insulin may be safely followed 

Minor Amputation 

Definition By minor amputation we 
mean amputation of all or part of one or 
more toes with or without excision of the 
metatarsophalangeal joint Minor amputa 
tions are of two types le open or closed 
The Lisfranc, Chopart and Symes amputa 
lions will not be discussed since they have 
no place in the surgical Ircitment of tbe 
diabetic nor in the treatment of chronic 
obliterative arterial disease m general 

Discussion Many limes the surgeon can 
be almost certain that a minor amputation 
will be successful m a given diabetic pa 
tient barring some unforeseen complica 
tion In many other instances there is mudi 
less certainty and the outcome can be de 
termincd only by trial However itisessen 
tial m these cases that the removal of a 
digit does not precipitate a rapidly ascend 
ing infection or a septicemia In other 
words it IS important to know when ampu 
tation of a toe may be done with teasona 
ble safely to Uie patient even though the 
outcome is uncertain There arc also in 
stances jn which amputation of a digit wiJJ 
not only be unsuccessful, but may jeopar 
dize tbe life of the patient In these cases 
of course, such an operation is contraindi 
cated 

Prognosis Amputation of one or more 
digits will usually be successful in the ab 
sence of gangrene or spreading infection m 
a foot (1) with good pulsation m the dor 
sabs pedis artery (2) which is warm, and 
(3) of good color and good nutrition The 
color should remain gi^ whether the foot 
IS elevated or dependent 

It Will also usually be safe if <2) gaa 
grcnc is limited to the distal half of the 


toe, (2) there is no level of abrupt color or 
temperature change with the foot depend 
ent, (3) there is no lymphangitis and any 
infection which may be pre'^ent is localized 
and (4) pain is absent 

Contraindications Minor amputation is 
dangerous and contraindicated m the pres- 
ence of (1) gangrene of all of a toe in the 
absence of good pulsation in the dorsalis 
pedis artery (2) gangrene with lymphangi 
US, or (3) gangrene or osteomyelitis in a 
cold, pulseless foot which remains painful 
after three weeks of careful hospital treat 
ment 

Indications Amputation of one or more 
toes IS indicated in the following instances 

1 For osteomyelitis involving a phalanx 
m interphalangeal joint or a metatarso- 
phalangeal joint m a foot with good pulsa 
non m the dorsalis pedis artery or m a foot 
dependent upon collateral circulation where 
the foot IS well nourished warm and of 
good color whether elevated or dependent 

2 For gangrene of all or part of a toe 
in the presence of good dorsabs pedis pulsa 
tion 

3 For persistent or recurrent infection in 
the toe of a foot with good circulation 

4 To secure more complete drainage m 
cases of infection between the toes or in 
volving the deeper structures of the foot 

5 For certain cases of gangrene limited 
to the tip of a toe, where there is no pulsa 
Von in the dorsalis pedis artery and the 
foot IS of only fair color— i e., when there 
are definite signs of arterial deficiency but 
acute infection is absent and the patient is 
not having pain 

6 As a prophylactic measure m certain 
patients who have recurrent or persistent 
callus formation in a rigid or deformed toe 
This frequently occurs after the great toe 
has been removed and when the remaining 
toes lack normal flexibility In certain of 
these cases a callus and subsequent ulccra 
tion may appear on the most prominent toe 
In certain other instances a rigid great toe 
vriJl frequently develop ulceration in a cal 
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lus along the medial aspect near the Up In 
these paUents a carefully done amputaUon 
of one or more (sometimes ail) of the toes 
may prevent serious infection and po 2 >sibly 
loss of the foot 

Preoperatxve Care of Extremities The 
following points apply to all types of 
chronic obliteraUve arterial disease Atten 
tion to them and to many other details is 
essenUal in the proper evaluaUon of the 
patient and the proper preparation for 
whatever operaUve procedure may be in 
dicated The most important of the pre- 
operative requirements are 

I Careful examination and evaluauon of 
the circulatory status of the extremity and 
the extent of the infection or gangrene This 
includes an x ray to determine the pre^nce 
or extent of osteomjelitis culture of the 
local lesion and blood culture if the m 
fecUon IS acute or if there is fever or a his 
tory of chills If a beta hemol> uc strepto- 
coccus IS cultured sulfanilamide should be 
given in adequate dosage and conUnued ac 
cording to the accepted method [See Chap 
ter 22 for dosages and modes of adimnistra 
UoQ —Ed ] Pure cultures of any orgamsm 
are unusual Many different organisms are 
frequently pre<ent streptococcus colon ba 
alius and Staphylococcus aureus being the 
predominating organisms Sulfapyndine 
does not seem to be helpful in these infec 
tions Our expenence vnth suUathiazole is 
limited but we have seen toxic symptoms 
in two elderly patients which makes us feel 
that it IS too toxic a drug to use m these 
paUents unless there is some speafic indica 
tion for it such as (a) spreading local lo 
fecUon due to Siap/iylococcm aureus or (b) 
a septicemia due to this same organism 
(See Chemotherapy Chapter 22 ) 

Careful investigation with a small probe 
of a sinus near the tip of the phalanx or an 
interphalangeal joint may detect bare bone 
and demonstrate the presence of an osteo- 
m 5 elitis before x ray evidence can be ob 
tamed It should be noted here that in many 
of the more extensive infections m diabetic 


feet gas will frequently be found in the 
tissues While the presence of gas should al 
ways suggest the possibility of infection by 
one of the organisms of the gas baallus 
group. It is most commonly secondary to a 
mixed infection in the diabetic foot It has 
no great clinical significance but gas baal 
lus must be excluded bj immediate smear 
and anaerobic culture 
2 If a cellulitis or I}'mpbaQgitis is pres 
ent an attempt to check or localize this 
must be made by the use of moist heat in 
the form of hot compresses applied to the 
entire area involved Great care must be 
taken to avoid hums espeaally in the dia 
betic The compresses should not exceed a 
temperature of and the skm must be 
protected with vaseline We recognize that 
m patients with marked artenal dehuency 
heat may precipitate or inaease gangrene 
However localization of infection is so im 
portant in these patients that we believe 
the advantages of carefully given moist beat 
are greater than the dangers of produang 
or increasing gangrene 
5 Early drainage of any local collection 
of pus should be done in conjunction with 
the treatment as outlined above This is 
extremely important in the preoperative 
penod in that it helps the acute infection 
to subside and in many instances makes 
po^ible a later minor amputation, whereas 
undrained the deeper structures of the foot 
may become so involved as to necessitate 
Its removal Removing part of a callus m 
which there is a sinus communicating with 
an osteomyelitis of a joint may be suhiaent 
to improve drainage Removal of all or part 
of 3 nail may be helpful when there is a 
subungual infection with involvement of 
the terminal phalanx Subcutaneous collec 
tions of pus between or at the base of the 
toes should be drained for the same reason 
An attempt ■should be made m each case 
to make the drainage dependent and the 
inasion adequate enough to lay open the 
entire broken-down subcutaneous area 
In the diabetic, as stated before, these 
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minor procedures can usually be done in 
(he palicnls bed ivithout an anesthetic 
This docs not apply in the cases with poor 
circulation nor m senile gangrene or 
ibromboangntis obliterans Local novo* 
came when necessary should be used with 
caution and only when superficial collec 
tions of pus are to be drained Adrenalin 
must not be included Digital nerve block 
should never be used in patients with ob 
lucrative arterial disease, nor should a 
tourniquet be employed 

Preoperative Medication This is im 
necessary and may be dangerous if given 
to the elderly diabetic before amputation 
under spinal anesthesia These patients are 
easily depressed by drugs and therefore 
even a small dose of a narcotic or sedative 
m combination with spinal anesthesia and 
ojwratjon may be hazardous Morphine and 
atropine m small doses are given preopera 
lively to those receiving a general anesthetic 

Anesthesia Spinai. procaine uvoro 
CHLoatUE is the anesthetic of choice m a 
diabetic having cither a major or minor 
amputation Since the operation is of short 
duration, the dose should be small and (lie 
IcNcI of anesthesia kept low Fifty to 7$ 
Mg ni 2 cc of either sterile water or <pinal 
iluid are injected at the level of (he fourth 
or fifth lumbar space The table remains 
level unless a fall in blood pressure occurs 
A significant drop m blood pressure is dan 
gerous m these patients with cardiovascular 
disease and may be the predisposing factor 
to a fatal coronary thrombosis It should 
not occur with the above teebme One am 
pule (1 cc ) of ephcdrine given immediately 
before spinal anesthesia is an additional 
safeguard against U 

GE^ERAL Anestuetics General anes 
Ihclics sucli as nitrous oxide, ethylene, or 
cjclopropaiic ovjgen may be given m the 
jounger controlled diabetics Ether should 
be avoided because of its greater tendency 
to nroduce acidosis We feel strongly that 
for operation on a lower extremity «pinal 
procaine is safer than any general anes- 


thetic m the older group if tbe proper pre 
cautions are taken 

REFRiocaATio'r Anesthesia The local 
hibernation of an extremity by refngera 
tion has been established as practical and 
useful Its place m medicine and surgery 
as yet has not been completely evaluated 
The importance of refrigeration anesthesia 
m obliterative vascular disease, however, is 
still more uncertain 

There are many factors involved in the 
total mortality following amputation for 
gangrene, and to place undue emphasis upon 
any one factor in improving results follow 
mg operation may easily result in erroneous 
conclusions 

At the Massachusetts General Hospital 
on the Peripheral Vascular Service refrig 
eration anesthesia has been tried m a few 
selected cases, but has been discontinued 
because it offered no advantages over the 
standard procedures now m use 

At the New England Deaconess Hospital 
«pinal anesthesia has proved co completely 
satisfactory and its technic has been learned 
so easily that refrigeration anesthesia has 
not been emplojed In 1941 4i major am 
putations were done (all diabetic patients) 
with one death a mortality of 2 4 per cent 
In 1942, there were 44 amputations with 
four deaths, a mortality of 9 I per cent The 
overall mortality in the 86 operations during 
the past two years was 5 3 per cent 

(Tbe use of refrigeration preceding and 
after operation in amputations for diabetic 
and arteriosclerotic gangrene has received 
considerable attention m the last few jears 
The author of this chapter has indicated bis 
attitude toward its use There are those 
whose reaction ij» favorable The Editor is 
appending a brief description of the claims 
of its proponents, and an outline of the 
method, together wiih some references for 
those interested m further details 

The proponents of the method claim a 
relaUvdy shocUess procedure with no losS 
of blood, a minimum of preopcrative and 
postoperative pain, the saving oi a greater 
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portion of the extremity by preoperative 
refrigeration over a penod of da^s Ibaa 
would otherwise be possible and the num 
mizing of the effects of infection by pre 
and postoperative refngeration They state 
definitely that no limb has been saved which 
otherwise would have been lost, but that the 
level of amputation has been affected, and 
that the healing ability of tissues with poor 
circulation is enhanced by bringing the tis 
sue metabolic demands down to the level 
of the impaired circulation s powers to meet 
them and by interfering materially wiih 
bacterial growth and spread 
The foUowmg extract is an abstract of the 
method prepared by Frederick M Allen and 
Lyman W Croasman (See references at 
end of abstract p S67)'-Ed] 

REFRIGERATION ANESTHESIA 
FOR EXTREMITV SURGERY 
Freoemck M Art£>r 

A^O 

LVUAN IV E£KS CbOSSMAN 

In response to many requests for the specific 
details of technic both as to the application 
of the tourniquet and the method of applying 
the ice, this outline has been prepared The 
anestbeais has been complete m our expeneace 
and failure to obtain it is because of error in 
the application of the tourmquet or because 
the part has not been continuously refnger 
ated, or both bloat of out experience has been 
with gangrene — diabetic or artenosclerotic or 
both — in the aged of the [N Y ] City hospital 
Iso drug IS necessary as an aid to anes 
Ihesia, but an>one about to have an amputa 
•jun. 'if. 'ftig 'Ji/Iiua ’jswpR.TUwA •sntVavtaL 
distress and should be given a strong sedative 
Flan details such as the proposed site for 
the stump end, the level of the sawhne, and 
the position of the tourniquet The tounuquet 
must be fax enough away from the opcrauve 
field to allow the surgeon freedom of motion 
Sometimes it is convenient to mark the dan 
with stam, thus mdicatmg the three levels 
Ischemia. If icebags surround the leg for 
a half hour at the proposed level of the 
tounuquet the tissues are numbed so that the 
application of the tourniquet is not painful 
Elevate the foot to dram the blood from the 
extremity Sometimes an Esmarch bandage is 
applied from the distal tip of the extremity to 


well above the level determined for the tour 
Qiquet If an infection is present in the foot 
neither the elevation nor the Esmarch band 
age would be used 

Tounuquet Immediatdy before the lour* 
luquet IS applied and while the foot is stiU 
elevated, unwind tbe Esmarch bandage from 
the tip until tbe tourniquet Ime is reached, 
apply the tourniquet using a half inch gum 
rubber tubmg, wind it about the leg tight 
enough to cut off all circulation and re-inforce 
tbe li^tioa by means of a second turn of the 
tubing about the part, superimposing it on the 
first application 

This makes the line of constriction about a 
half inch m diameter Clamp the tubing with 
a strong instrument so that it cannot slip 

Refrigerate immediately by placing a 
layer of cracked ice on a rubber sbeetmg, the 
leg on the ice, and covermg the entire ex 
tremity wiih ice from one or two inches 
proximal to the tourniquet down to the toes 
VV'rap the rubber sheeting around tbe iced leg 
Cover this with a blanket 

If the amputation is to be below the knee 
and tbe patient is strong enough to be 
propped up in a chair, a simpler method is 
to use a pad, fill il with ice and water, 
and place the foot and leg into it 

Our expcnence has shown that a low or 
midtbigh amputation requires Zyi hours of 
refrigeration with a tounuquet, 2 hours for 
the upper third of the leg, IJ4 hours for a 
low leg and an bout for io&> or metatarsal 
amputation 

The ice is not removed until the patient bos 
been placed on the operating table The com 
plete suigical team must he ready and waiting 
for the patient before tbe refrigeration is 
stopped by the removal of the ice 

In tbe Operating Room The leg is 
‘k'ftfi TiWamg, ’jwpi.vL'i ic. 

desired, and the operation performed Do not 
remove the tourniquet until all the vessels and 
nerves have been properly treated and the 
slump IS ready for closing The oozing is con 
troU^ after the removal of the tounuquet 
Ao dram u used unless an infection is sus 
peeled A silk technic is used throughout, for 
ligature;, as well as sutures Tbe operator 
works m a shockIes> and bloodless field 
Record of the pulse and blood pressure, taken 
every five enmutes, will show wo embarrass- 
ment Sometimes when tbe nerve is cut or the 
bone sawed, the pulse and blood pressure may 
be slightly increased but has returned to tbe 
previous level at the next five-minute reading 
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Postoperative After the apphcation of a 
light but snug bandage the part is placed on 
a posterior molded plaster splint and the 
stump surrounded with three icebags for 43 
or 72 hours Sutures are removed about the 
Iwellth day 

Meals There is no modification of the diet 
If the trajs are served during the period of 
refrigeration, the patient satisfies his appe 
the, as he does when the meals are served 
after the operation 

Miscellaneous Suggestions Some pa 
tients have been sitting up in bed because of 
a poor heart and to make theni he down flat 
on the operating table would cause unncces 
sar> physical embarrassment and it might 
even be impossible — those patients are oper 
alcd upon while they sit up 

Some have an ankylosis at the knee making 
it ncccasar> to build a mound of snow »ce to 
conform with the angulation and insure a con 
tinuous refrigeration at the popliteal space 

Midlhigh amputations for gangrene of the 
leg, even when there is a definite cellulitis of 
the thigh, have not been found necessary We 
prefer a low amputation even if the stump is 
left wide open 

lor a Iov\ thigh amputation, a rapid pre 
hmmary disarticulation at the knee allows (be 
removal from the operating room of the mal 
odorous, infected cMremity The surgeon com 
pletcs the operation working from below, 
seated at (he foot of the table instead of 
leaning across or stooping to work on the 
posterior aspect of the thigh 

Refrigeration lasts about one hour If the 
room IS warm, or there has been a delay after 
the ICC was removed, or room temperature 
saline is used for irrigation and moistening 
of gauze wipes, the part warms up more 
quickly and the anesUiesia period is sbortened 
Chilled valine is used for irrigating and (o 
moisten gauze 

The mciiion does not have to hug the 
tourniquet The average slump has the lour 
mquot three to six inches away as there is no 
reduced vitalitj of the distal tissues because 
of the lourmqutt 

Skin flaps do not slough from refrigeration 
It the skin edges are cjanotic or there is a 
slough or a hematoma or an infection, not 
present before the ojicralion, the surgical 
technic must be blamed loo much suture 
tension may cause trouble Relieve tension, 
and reapply ice bags The reduced tempera 
lure slows up nieiabolisni in the part and 
allows ihc arcuUtion to recover itself In a 


day or two, when the local condition has 
improved, remove the ice 
Advantages of Refrigeration Anes- 
thesia In our experience it has «avcd lives 
There is no evidence of shock— during or after 
operation There is no pre or postoperative 
pain, no gastro intestinal disturbance 
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Techmc AupuTAnoN Throlgh Proxi ence Strong antiseptica such as tincture of 
MAL Phalantw Two methods — (I) closed iodine should not be used m the diabetic 
and (2) open— will be described or in cases of arteml deficiency m gen 

CLOSED AMPUTATION tVheQ there is no eral 
open lesion, or when the lesion is so placed \ racquet incision is used (Fig 471) The 
that the line of incision does not pa&> position of the inciMon should be such that 
through infection in the sLin or a sinus the handle of the racquet is the most de 
tract, closed amputation is used \ small pendent point This facilitates division of 



Fio 471 Closed toe amputation (A) A racquet inciMon u used with 
most dependent pouit on doraum of foot Gentle retraction of adjoining 
toes is obtained b> gauae sponges The toe to be amputated is best han 
died by grasping nath a towel dip (B) lJlu:>lratmg uiLsUtured inasion 
following amputation Absence of skin dapo mminures manipulation and 
conserves blood supply Tendon has been divided with toe in slight 
fieson so as to avoid retraction upward into sheatli (C) Note that 
proximal phalanx has been divided jUst distal to provunal head Tbi& 
removes enough phalanx to allow approximation of skin edges without 
tension It also leaves enough phalanx <^0 that injuo to metatarso* 
phalangeal jouit l> avoided Skin sutures mint be minimal m number 
and give good approximation without undue constriction 

area of gangrene near the tip of the toe or the phalanx and also gives the most satis* 
an osteoroj ehtis of the tip of the phalanx factory drainage in the event of poslopera 
or of an interphalangeal joint are the roost Uve infection It is abo important that the 
common lesions for which this procedure is handle of the racquet be so placed that it is 
used in line with the incision that would be made 

The skin is carefully cleansed with ether should deeper extension of the infection 
and then pamted with an eihaent but non necessitate additional drainage In the case 
irritating antiseptic Tincture of metaidien of the 'second, third, and fourth toes the 
has proved very satisfactory in our expen handle of the racquet is therefore on the 
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dorsum of the foot Tins may also be the 
case in amputation of the first or fi/tb toes 
when prompt healing would seem assured 
However, in que tionable cases it is usually 
placed along the medial or the lateral border 
of the foot respectively Should infection 
cMcnd to the deeper structures of the foot 
il can be readily drained tlirough an ex 
tension of the incision 
The line of incision around the toe varies 
from 0 5 to 1 0 cm distal to the ba'^e of the 
toe depending upon the diameter of the toe 
and the proximity of the infection It is im 
portant to leave enough skin to allow ap 
proximation of the edges without tension 
The knife used for the skin incision should 
be discarded and a clean one emplo>cd for 
the remainder of the amputation The ten 
don sheath and tendon are divided cleanly 
with the toe m slight fiexioti so as to pre 
vent retraction of the tendon up its sheath 
It IS neither necessary nor advisable to do 
anything to the cut tendon or its sheath 
The tissues m relation to the proximal 
phalanx are gently inci«ed so as to expose 
the bone The line of division of the phalanx 
IS just distal to the broad base of the proxi 
mal phalanx Rarely when there is no m 
fcclion and when it is impossible to bring 
the «kin edges together because of the broad 
base, a disarticulation may be done In 
these instances no attempt is made to re 
move ihje carulagc of the head of the meta 
tarsal This difliculty in closure is rarely 
encountered except in the great toe It 
should be clearly staled, however, that dis 
articulation should ncocr be done in the 
presence of acltoe mfcction The phalanx is 
divided with sharp bone cutting forceps 
Sharp i.dt,es of bone, if present, are removed 
with rongeurs Only rarely will it be neces 
siry to ligate pulvilmg vessels When this 
IS done No 000 or preferably No 0000 
plain catgut is used The skin edges ate then 
loosely but carefully approximated with 
fine interrupted silk sutures and a dry ster 
lie dressing applied 

Throughout the amputation every effort 


Should be made to avoid unnecessary 
trauma The incision should be clean and 
deasive The skin edges should be manipu 
lated as little as possible, and sponging with 
gauze kept to a minimum Successful heal 
in g, particularly in cases with reduced cir 
culation, depends upon painstaking technic 
and rigid asepsis (Figs 472 and 473) 

OPEN AMPUTATION This method is re 
stneted to those cases where amputation 
must be done through an area of infection 
whether it be m the skm or when the inci 
Sion has gone across a sinus tract The 
technic of operation is exactly the same as 
described above It should be repeated that 
dtsarUcnlalton is never done through an 
area of infection Protection of the tendon 
‘‘heath is important in these cases Great 
care is taken to cut across the tendon with 
a clean knife, and to be certain that the 
tendon is cut slightly longer than the sheath 
so that there can be no immediate retrac 
tion A small piece of dry gauze is placed 
promptly against the cut tendon and after 
completion of the operation it is removed 
and the entire wound packed loosely with 
dry gauze No other treatment of the ten 
don or its sheath is indicated There is al 
most immediate sealing off of the sheath m 
those Cases in which the circulation is ade 
quale If the infection has extended beyond 
the limits of the toe the incision of ampu 
taUou 1 % directly corvjvecled ’«vtlv 

whatever incisions may be necessary to 
drain the entire infected region adequately 
(Tig 474) 

The fundamental principles m the man 
agement of these infections are wide open 
drainage, preservation of the blood supply, 
and the placing of the incision so that its 
lowest point is the most dependent point 
of the infected area when the foot is in tlie 
normal resting position In cases where 
there has been extension from the toe into 
the plantar tendon sheath the incision must 
be carried onto the plantar aspect of the 
foot and the tendon sheath opened through 
out the course of the mfection, the sheath 
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being opened and the necrotic tendon ex 
ased up to, but not be>ond, the limits of 
infection 

Here again the sheath <;hould be opened 

1 or 2 mm proximal to the line of division 
of the tendon The skin ina«ion must extend 

2 or 3 cm bevond the level at which the 
«heath is opened 

Amputation Through ■Metatarsal 
Bone indications (1) Osteomyelitis of a 
metatarsophalangeal joint The most com 


saved to cover over the cut end of the pha 
lanx. 

In the diabetic, excellent arculation, in 
eluding a palpable dorsalis pedis artery , is 
Usually necessary for success in 'ueb a radi 
cal focal procedure However, there is an 
occasional cose with an extraordinarily well 
developed collateral circulation in which 
success may result as an exception to this 
rule Even in these cases, however ulti 
mate healing will be greatly prolonged over 



Fic 472 Fig 473 


Fig 472 Healed do ed aoiputations of four toes 

Fic 473 Prophylactic clos^ amputations of second toes for recurrent pressure areas 
due to hammertoe deformity 


mon lesion is an infected callus on the plan 
tar aspect of the foot with extension into 
the joint The first and fifth joints are meet 
commonly involved (2) To insure more 
adequate drainage of extensive infection 
deep to the plantar fascia Extension of in 
fectioa betvreen the metatarsophalangeal 
joints from a lesion between two toes is an 
example of tbis (3) Occasionally for gan 
grene or mfection involving so much of 
a ph a lanx that adequate skin cannot be 


the time required in those cases where the 
blood supply IS through larger vessels 
TECHNIC Amputalton Through First or 
Fifth Metatarsal The racquet inasion is 
used, with the handle of the racquet ex 
tending along the medial or lateral aspect 
of the foot respectively (Fig 47o) The skin 
incision will be carried along the side of the 
foot to well beyond the limits of infection 
or the bne of division of the bone Cafe 
should be taken that the inasion more 
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Fig 474 Open amputation ol second third, or fourth toe 
including metalarsophalangeal joint (A) Dorsal surface of foot, 
illustrating maximum drainage obtained by through and through 
type of incision Note level of division of metatarsal just pros 
imal to head of bone (B) Plantar surface of foot Note that 
musion gives completely dependent drainage in relation to meta 
tarsal shaft and flexor tendon sheath Postoperative extension of 
infection deep into foot along these structures is avoided by this 
type of incision 



Fig 475 Open amputation of first or fifth toe indudmg meta 
larsophalangeal joint (A) Racquet incision is placed so that long 
dependent portion extends along medial and plantar surface of 
metatarsal (B) Metatarsal is divided iq a beveled manner prox 
imal to upper limits of incision (C) Illustrating adequate and 
dependent drainage resulting following amputation Location and 
length of skm incision together with beveling of metatarsal shaft 
minimize possibility of extension upward Note also dose prox 
imity of exposed capsule of adjoimng metatarsophalangeal joint 
Great care is necessary to avoid mjunng this 
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nearly approximates the plantar aspect 
than the dorsal aspect of the melataisal 
This IS particularly important m order to 
insure adequate drainage to the subfascial 
area of the foot should this area be in 
\olved by the infection Great care must 
also be taken with the dissection between 
the adjacent metatarsal heads This space 
IS extremely narrow and the adjacent unin 
voUed joint may be easilj opened 
^^Tlen the head and the distal shaft of 
the bone has been dissected free the shaft 
IS divided ju::it proximal to the head with 


game containing one or more Dakin s tubes 
depending upon the size of the cavity There 
should be no approximation of skin edges 
(Fig 476) 

tmputalion through Second Third or 
Fourth Metatarsal The incision u^ed may 
be called a double racquet with one handle 
extending onto the dorsum and the other 
directly opposite onto the plantar aspect of 
the foot It IS the latter which becomes the 
most dependent part of the cavity follow 
ing operation Care should be taken to ex 
tend this incision far enough onto the 



Fig 476 Mnputauoo of Fig 477 (Left) Heahng amputation of second toe and meta 
first metatarsophalangeal tarsopbalangeal joint dorsal surface of foot (Right) Same 
joint illu tratmg extension of incision onto plantar surface of foot 


sharp bone forcepa The shaft is so beveled 
that the base of the cavity slants from the 
inner aspect of the wound downward to 
ward the end of the skin incision The sesa 
mold bones are removed The flexor tendon 
sheath and tendon are divided at the upper 
limits of the infection otherwise at the 
point where the sheath has been opened 
If the adjacent metatarsophalangeal joint 
15 involved it is excised through the same 
inasion This will necess tate removing the 
bone already divided at a higher level m 
order that the base of the cavity may be 
perfectly smooth without any dead space 
between the two metatarsals As in the case 
of the head already excised it is extremely 
important to make certain that the line of 
division of the bone has been sufficiently 
high to insure removal of the entire bead 
The cavity is then loosely packed with dry 


plantar aspect of the foot to insure umn 
ternipted direct drainage Here also great 
care must be taken not to enter the adja 
cent metatarsophalangeal joints and here 
again unless one is careful a portion of the 
cartilage from the head of the bone easily 
may be left The line of division through 
the metatarsal must be proximal to the cn 
tire head of the bone If necessary one or 
both of the adjacent metatarsophalangeal 
joints may be exo'^d through this same in 
cision Gauze and Dakin s tubes are U:>ed 
as above (Fig 477) 

Postoperative Care of Minor Amputa 
tions Care following closed amputation is 
simple Lnless there is elevation of tern 
perature or postoperative pain or unless 
the diabetes is not responding as would be 
expected the dressing need not be done for 
four or five days at which time some of the 
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sulures are removed If infection is found, 
all of IhesJvin sutures must be removed and 
the edges of the skin separated in an at 
tempt to prevent evtension of the infection 
mto the foot \ small piece of gauze kept 
saturated with Dakin s solution or azo 
chloramid m saline (1 3300) is then used 
The cautious use of sterile warm moist com 
presses may be helpful In many instances 
the patient is encouraged to he face down 
Hard to facilitate dependent drainage If 
the infection extends in spite of this treat 
ment either more adequate drainage or if 
the circulation is inadequate early major 
amputation may be indicated 
In open amputations where Dakin s tubes 
have been incorporated instillations of 5 
cc occasionally 10 cc. of Dakins solution 
into each tube are begun about four hours 
after the return of the patient to the ward 
and repeated every two hours day and 
night It is of extreme importance m these 
cases where Dakin s solution is used to pro* 
tcct the normal skin against its irritation 
For >ears we have used the solution of one 
part rubber cement to three parts of ether 
as recommended by Farr " This is first ap 
plied to the adjacent skin and over this are 
placed the strips of sterile compress cloth 
saturated with vaseline Even with this care 
the skin may become irritated and it may 
be necessary to discontinue the Dakins so 
lution until all evidence of irritation has dis 
appeared 

In these wounds the original gauze is 
usually removed on the third or fourth day 
A careful daily dressing is then done re 
moving and replacing gauze and lubes Care 
IS taken to avoid any contact of the tubes 
with joint surface RTien all sloughing tis 
sue has been removed and when the wound 
is dean and granulating the lubes arc rc 
moved \ small piece of gauze saturated 
wftfa azochloramid m saline 1 3300 is then 
applied daily and the pack moistened three 
limes during the day The edges of the 
wound are gradually allowed to fall to- 
gether and when it is loo small to contain 


such a dressing, a codliver oil ointment 
dicing IS most frequently used 
The dressing care of these patients is 
an exacting and time-consuming duty and 
should be entrusted only to those who are 
experienced in the surgical care of such 
cases The surgeon obviously cannot be pres 
ent to moisten a pack every two hours but 
he must be able to follow the cases closely 
enough to detect complications early Mul 
Ijple operations are often necessary to save 
an extremity m these patients and there 
fore frequent examination and dressings by 
the surgeon are essential 
Buerger exercises® should be used m con 
junction wnth the surgical care of the fool 
in all cases with arterial deficiency m an 
attempt to stimulate circulation They 
should not be started however until all 
acute infection has subsided In addition 
intermittent venous occlusion (CoUms and 
Wilensky*) may be helpful 
Rapid mobilization of patients who have 
been in bed for any length of time pre 
ceding or following minor amputation must 
be avoided Even those wiUi good orcula 
tjon should have a preliminary period of 
Buerger exercises before becoming ambula 
lory When the patient is ready to walk it 
IS our custom to have him begin by walking 
a half a minute every hour for the first day 
This may be increased to one minute per 
hour the second day and thereafter a minute 
per hour each day until the patient can 
safely move around as desired We have 
seen neglect of this important principle re 
suit in failure of what should have been 
a successful attempt at sav mg an extremity 
It should also be added that when the pa 
tient first starts to walk he should not be 
permitted to sit down between periods of his 
exerci^ He should rather go back to bed to 
avoid the stagnation that accompanies a 
silting position whether the foot is allowed 
to rest on the floor or is elevated on a camp 
stool 

Results In the accompanjing table arc 
given the results following minor amputa 
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lion m 362 djabelic patients admitted to the dorsalis pedis artery or of adequate 
the Deaconess Hospital during the jears collateral circulation, these patients are 
1923 to 1940 In order to show the extreme classified according to the adequacy of 
importance of the presence of pulsation m arterial supply to the foot 


Minor Amputation in 362 Diabetic Patients* 
(1923-1?40) 


Dorsalis Pedis 
Pulse 0 

Dorsalis Pedis 
Pulse 

Both Groups 

Caies Mortality 

Cases Mortality 

Cases Mortaltty 


Minor amputation only 
Minor amputation followed 

68 

5 9^ 

227 

13^0 

295 

2 4% 

by major amputation 

43 

9355> 

24 

12Sftf 

67 

10 4% 

Totals 

*iTT 

~Tz^ 

251 

2 

362 

3 9% 


*Prom the New England Deaconess Hosptal Uosloti 


Major Amputation 

DeSnition A major amputation is one 
through the long bones of an extremity 
Only those procedures of proved value m 
the diabetic dime at the New England 
Deaconess Hospital and at the Peripheral 
Vascular Clinic at the Massachusetts Gen 
eral Hospital will be described in detail 
These are (1) Guillotine amputatioQ (lower 
leg and thigh), (2) closed amputation 
through the lower leg, (3) Gritu Stokes 
amputation (4) supracondjlar amputation 
In addition to these, two operations have 
been used with success by other clinics and 
completeness would demand their inclusion 
m this discussion They are (1) Closed 
guillotine tjpe of amputation throu^ the 
lower leg described by Dr BeierlyC Smith 
of New York, and (2) the tendmoplastic 
supracondylar amputation of Callander 

Indications Extensi\x Infection or 
Foot with or without Gangrene This 
mdudes those cases, with or without gan- 
grene, where there is extensive infection 
beneath the plantar fascia, usually with in 
Nolvemenl of several metatarsophalangeal 
joints The carpal bones, or even the ankle 
joint, may be involved m neglected cases 
Patients who have had unsuccessful incision 
and drainage of the foot with or without an 
associated minor amputation, and whose in- 


fection has continued to extend bejond the 
point where further local procedures are 
safe or justifiable, are included m this classi- 
fication Continued sepsis of this type, even 
ihou^ not acute, is a real hazard to the 
diabetic patient and should not be unduly 
prolonged Major amputation may be the 
only means of geiungsuch a patient well 
If gangrene is present, particularly :f there 
1 $ no pulsation m tbe dorsalis pedis artery 
and if there is no satisfactory evidence of 
healing within two or possibly three weeks 
following minor amputation, amputation at 
a higher level should then be done 

Acute Fulminating Ascending Infec 
HON These cases usually have a high cel 
ItiliUs or lymphangitis secondary to deep 
infection of the foot If the infection does 
not subside after 48 to 72 hours of chemo- 
therapy, hot compresses, and drainage of 
local collections of pus as previously de 
scribed, amputation, will usually be mdi 
cated Any attempt at extensive local 
operation in the presence of advanang 
cellulitu or Ijmphangitis may preapitate a 
septicemia A local operation m this type 
of foot IS absolutely contraindicated in the 
absence of bounding pulsation in the dor- 
salis pedis artery 

Septiczmu Secondahv to Infection of 
Foot In many instances these patients will 
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be cnlically il! on admissjon to the hospital 
ttilh extensive infection, fever, and a history 
of dnlls In other instances the evidence of 
sepucemia may not be so strong Any pa 
(lent with gangrene of one or more toes and 
a temperature out of proportion to the evi 
dence of local infection should be strongly 
suspected of having a septicemia Septicemia 
may be precipitated by an ill advised minor 
amputation m a pulseless foot with gangrene 
and unsuspected infection 

One occasionally obtains a positive blood 
culture from a patient where the circulation 
to the foot IS excellent and where the local 
infection is relatively minor We have bad 
one such patient where repeated pure cul 
tures of beta hemolytic streptococcus were 
obtained from the blood stream who re 
covered following the use of sulfanilamide 
and local drainage Experience to date how 
ever would suggest that chemotherapy will 
play a very small part m controlling the 
deeper infections of the foot so completely 
as to avoid amputation in these cases 

Gancbene of One or More Toes in 
AdSESCE of PuiSAlION IN DORSVUS PCWS 
i\sTESY When gangrene has involved all of 
one or more toes and the gangrene is due to 
inadequate arterial supply rather than to 
thrombosis of minor vessels associated with 
extensive local infection eatl> amputation 
Is indicated 

LviiPiivNciTis Secondabv to Local 
Ulceration or an Arev or Gangrene in 
A Pulseless Foot Amputation is indicated 
if the Ijmphangitis does not subside under 
bed test local warm moist dressings and 
treatment of the diabetes Local amputation 
m this group is hazardous and may seriously 
undermine the general health of the patient 
as well as deplete the family finances In 
adequate circulation increases the risk of 
delay 

PsoLONCED Chronic Infection op an 
Lxtremity The xenous effect of long 
standing infection upon Uie diabetic, and 
also the expense of hospital treatment, may 
make amputation desirable Inadequate or 


culation in such a foot greatly increases the 
nsk of delay and reduces the already distant 
possibility of ever obtaining a useful foot 

Pain with or without Local Lesions 
Persistent pain m spite of adequate hospital 
treatment is one of the roost important 
symptoms associated with arterial de 
fiaency The seventy of the pam is often 
proportional to the degree of obliterative 
disease There may or may not be an open 
lesion Any diabetic patient seeking relief 
of pam in the foot or calf of the legs, which 
persists when the patient is at rest is in 
danger of losing the extremity and should 
be immediately ho'^pitalized for intensive 
detailed treatment If such a patient is un 
relieved of pain after a period of three 
weeks of hospital treatment consisting of 
complete rest w bed carefully regulated 
Buerger exercises intermittent venous oc 
elusion and adequate care of the diabetes, 
a major amputation is indicated This is 
m sinking contrast to thrombo angiitis 
obliterans where peripheral nerve block as 
a means of relieving pam is usually sue 
cessful 

Preoperative Care of Extremity Those 
points already discussed in the preparation 
of a patient for minor amputation ate 
equally applicable to the patient in need of 
a higher amputation The correct preopera 
jne management of these cases is essential 
not only to a low mortality but also to 
a satisfactory postoperative convalescence 
There is an optimum time for and optimum 
conditions under which a dosed major am 
putation can be most successfully carried 
out In general operation should be done at 
the earliest time consistent with safety 

In many cases in which gangrene is the 
indication for amputation there is no acute 
infection present In these local preopera 
live measures do not alter the level at which 
operation should be done nor the type of 
amputation indicated Many cases however, 
have acute infection of varjang degrees 
which may be limited to the foot, or may 
be ossoaated mth a cellulitis or a lym 
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phacgitis extending to any level on the ex 
trenuty It is in these cases particularly 
that carefully applied hot compresses in 
conjunction with drainage of local coUec 
tions of pus in the foot may reduce the 
level of infection and safely permit a clo««d 
amputation rather than an open one This 
IS particularly true where the arculalion is 
poor and where it is characteristically more 
difficult to control or localire infection I\e 
do not hesitate to use moist heat locally in 
these patients because decision for major 
amputation has already been made and our 
primary interest is control of the infection 
even though the local gangrene may extend 
Many times painstaking treatment under 
careful supervision will permit marked im 
pcQvement m the patients general condi 
tion and suhiaent improvement in the local 
infection to warrant a safe closed amputa 
tion when if operation were done earlier or 
if conservative treatment were continued 
too long an open operation (le guillotine 
amputation) might be necessary as a life 
saving procedure 

Cardinal Principles in Technic of 
Major Amputation There are many »m 
portaot details in the technic of major 
amputation which must be ob erved if <=00 
cessful results are to be obtained They 
apply to amputations m patients with all 
types of obliterative arterial disease and will 
be enumerated and discussed below 

Preparation op Operative Fieu) The 
preoperatjve preparation of the skin 10 all 
amputations deserves special mention It is 
to be assumed that the skin adjacent to an 
infected gangrenous foot is badly confami 
nated with pathogenic organisms of vanous 
kinds not infrequently including those of 
the gas baallus group It is therefore ex 
tremely important that the area of skm to 
be prepared for any given operative pro- 
cedure must be restricted to the field of 
operation and that all manipulation both 
above and below this region be avoided 

The following technic of skin preparation 
has proved very satisfactory in a large senes 


of cases at the New England Deaconess 
Hospital On the evenmg of the day before 
operation a heavy dressing is placed on the 
involved foot and held in place bj a firm 
bandage which will serve as an additional 
precaution against any manipulation m re 
lation to the infected area The operative 
field IS then shaved and thoroughly but 
gently scrubbed with tincture of green soap 
and water The limb is shaved approxi 
mately 10cm above and below the proposed 
line of incision The area which is scrubbed 
does not exceed 6 cm above and below the 
me Sion The entire area is then carefully 
sponged off with alcohol and finally with 
ether The entire area which has been 
ehaved is then painted with tincture of 
melaphen and covered with a sterile towel 
kept in place with cotton bandage and 
adhesive 

When the patient is on the operating 
table and ready for draping the sterile 
dressing is removed and the entire area 
again painted with tincture of metaphen 

Drapinc op Patient A satisfactory 
method of draping the patient for amputa 
tion greatly facilitates the operation It not 
only prevents contamination but also insures 
complete visualization of the field at all 
limes and eliminates any necessity for 
harmful retraction or other handling of tis 
sues The advantage of this method of 
draping is that the extremit> which is held 
at all timeii by one of the operating team 
may be raised or lowered freely as is neces 
sary dunng the amputation This unlimited 
mobility is valuable especially when the 
surgeon is working posteriorly High eleva 
tion with full extension of the knee places 
muscles nerves and vessels under tension 
so that they are not only more easily and 
quickly identified hut also fall away after 
division and need not be retracted at any 
lime (Fig 478) 

No ToOHNnQUET \ tourniquet should not 
be used in these cases because of the danger 
of further injuring vesseb in an extremity 
which already has reduced blood supply 
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Small but important collateral vessels may 
be sufficiently damaged by pressure of the 
lourniquel to become thrombosed. Patent 
main vessels may be Injured to such an 
extent that thrombosis and occlusion may 


should and can be avoided, except in the 
Gntti-Stokes amputation Their use entails 
added manipulation of tissues which, in the 
diabetic especially, may reduce the blood 
supply and the local resistance of the skin 




later occur. The only exception to this rule and subcutaneous fat. This interferes with 
IS in the lower-leg guillotine amputation, first-intention healing and may even result 
where the possibility of injury to v'cssels is in necrosis of the skin edges or predispose 
Icis Important Uun is a bloodless field per- to a secondary infection which would other- 
muung a rapid amputation with a minimum wise not have occurred This fact is well 
of manipulation. borne out by the high percentage of cases 

Avoidance of Skin Flaps. Skin flaps with primary healing of thigh amputation 
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stumps (96 per cent) at the New England 
Deaconess Hospital These patients were m 
the poor nsk group The amputation which 
uses a circular incision will be described 
below 

We have seen no difficulties with the scar 
after the use of the circular incision in either 
the thigh or lower leg amputations The po- 
sition of the scar is of less importance than 
Its character General factors concerned in 
the satisfactory amputation stump are dis 
cussed later 

A "Minimum of Trauma to Tissues A 
clean, decisive inasion and a mmimum of 
manipulation throughout the amputation 
are essential Excessive handling 'ponging, 
or retraction is objectionable and may inter 
fere with healing or increase susceptibility 
to infection 

Avoidance op Contamination from 
Skin Contamination from the sUn is an 
ever present danger regardless of bow care- 
fully it has been prepared Care must be 
taken to prevent instruments, sutures, or 
sponges from touching the skin and then 
being used inside the wound Sponges 
should be used but once and then discarded 

Complete Hemostasis Hemostasis must 
be complete but attained with a minimum 
of handling Hematomata present m the 
stump are excellent culture media and must 
therefore be avoided 

Treatment op Nerves All nerves are 
crushed, tied at the 'ame level, and then 
divided and cauterized (with the actual 
cautery) at a point 2 to 3 mm distal to the 
Ue The maneuver should be done with the 
nerve under tension so that when released 
it will retract upward out of the end of the 
stump The use of the cautery takes less 
time and is as effective as alcohol injection 
m the prevention of neuromata The ne- 
crosis of the surrounding tissues that may 
result from leakage of alcohol is avoided 
by this method 

Treatment op Periosteum The penos- 
teum IS cut cleanly around the bone with a 
knife and then scraped away distally Care 


must be taken not to leave any fragments of 
periosteum The bone is divided through its 
denuded area at a distance of 2 mm from 
the clean-cut periosteal line 

Sutures and Ties The size and quantity 
of suture matenal and ties must be kept at 
a minimum m order to insure as little re 
action as possible in the tissues of the stump 
Results are no better using fine silk than 
with catgut of the proper size In either 
case, of course, as little tissue as possible 
should be included m each tie and it should 
be cut dose to the knot 

The following sizes of catgut arc satis- 
factory and nothing larger should be used 
No 00 or 000 plain for all small vessels 
and all nerves, No 1 chromic for the femo- 
ral and popliteal vessds, No 0 chromic for 
the mam vessels of the lower leg. No 00 
chromic for suture (interrupted) of muscles 
and fascia 

No Drainage Drainage of an amputation 
stump is never indicated The stump must 
be left completely open (as in guillotine am 
putations) or closed without drainage A 
dram is a foreign body and can serve only 
as a means of introduung infection 

Preoperative Medication and Anes- 
thesia. The'e are the same os those for 
mmor amputations 

Guillotine Amputation The guillotine 
amputation may be a hfe saving procedure 
in the desperately sick diabetic patient vvitb 
an acute extending infection of an extrem- 
ity The value ol the operation hes in the 
fact that by it one can suddenly and com 
pletely eliminate the focus responsible for 
the patient’s serious condition In addition, 
It tends to insure drainage of residual in- 
fection in the lymphatics at higher levels m 
the eilxemity This two-fold effect makes 
recovery possible and avoids the often fatal 
sepsis which may occur m a closed amputa- 
tion stump under these conditions Its value 
IS obvious in the presence of a definite sej>- 
ticemia, since without it continuous infec- 
tion or re infection of the blood stream 
occum, and any dosed amputation will nec 
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essanly become infected The survival rate fection to tlie knee or involvement of the 


m cases of septicemia is small at best, but 
had been nonexistent without the guillotine 
amputation Chemotherapy is now availa 
ble and is a powerful adjunct to operation, 
but It should not be expected to replace re 
moval of an extensively infected and usually 
gangrenous foot 

Cases which do well after guillotine am 
pulation show an immediate postoperative 
drop to normal of temperature and pulse 
Those who do poorly show a continued or 
recurrent temperature which indicates either 
another focus of infection septicemia or 
rarely, extension of infection in the stump 
Their prognosis is bad 

In the successful cases a secondary higher 
amputation (Gntti Stokes or low thigh) is 
done when the general condition of the 
patient has shown sufficient improvement 
Wc believe that the lower leg guillotine am 
putation even if well healed through the 
use of traction and skin grafts rarely gives 
a serviceable stump and that therefore the 
higher secondary amputation is necessary 
The only exception to this is m the occa 
sional patient who never becomes a reasona 
bly good risk for re amputation or in the 
young patient in whom amputation is done 
for infection and the knee joint can be 
saved 

Technic The preoperative skin prepara 
tioa as described above is modified in that 
the soap-and water scrub is omitted Such 
manipulation near an area of acute infection 
is dangerous and may cause further exteo 
sion A tourniquet is applied at the mid 
thigh before the patient is draped This 
as slated above, is the only amputation in 
obliterative arterial disease (diabetic or 
nondiabelic) in which a tourniquet is per 
missihle The amputation is usually done 
through the middle or upper third of the 
lower leg, depending upon the level of m 
fection It IS preferable that the inasion be 
above the level of gross infection, although 
it may be done safely through an area of 
lymphangitis If there is massive gross lo 


knee joint the amputation must be done 
through the thigh (see below) 

The incision is a circular one the skin, 
fascia muscles and bones being cleanly 
divided at the same level The soft tissues 
retract somewhat as each layer is divided 
so that the ideal lower leg guillotine stump 
js slightly conical in shape All visible ves 
sels are clamped and tied after the distal 
part of the extremity has been removed and 
before release of the tourniquet 
After the tourniquet has been removed, 
any remaining bleeding vessels are clamped 
and tied The nerves may be disregarded 
since the guillotine amputation stump is not 
a permanent one Care should be taken to 
control all bleeding before the dressing is 
applied Throughout the operation all ma 
nipulation must be avoided especially in re 
lalion to muscles and fascia 
The most satisfactory and comfortable 
dressing consists m a large square of close 
meshed material (compress cloth) covered 
with a tbm layer of sterile bone or cod 
liver oil ointment This is applied directly 
over the open end of the stump A generous 
dressing of sterile gauxe squares or strips 
and a drainage pad are laid over this and 
the whole stump bandaged with cotton 
bandage Two wide adhesive strips placed 
crosswise over the end of the dressing and 
onto the skin above keep the dressing in 
place Adhesive placed m a circular manner 
around any stump may constrict and should 
never be used A posterior splint with a 
small supporting pad under the bend of the 
Jmee is then applied This should be long 
enough to extend from the end of the stump 
to the fold of the buttocks 
If the amputation is done at a level where 
there is obvious gross infection of the fascia 
or muscles the ointment dressing should 
not be used but, instead one containing 
Dakms tubes is placed over the end of the 
stump Dakin s solution can then be instilled 
into the tubes at regular intervals post 
operatively This type of dressing is much 
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more uncomfortable and more difScuU to 
manage than the ointment type described 
above, but may occasionally be necessaiy 
Essentially the same technic is used in 
the thigh guillotine anipulalion as that de 
scribed later under thigh amputation No 
tourniquet is used and it is permissible to 
divide the femur above the level of the skin 
inasion This can be done in the thigh with 
little or no manipulation of soft pacts (in 
contrast to the loner leg) and makes it 
possible later with the use of traction to 
pull the skin dowm over the end of the bone 
to facilitate healing The nerves and vessels 
are treated in the usual manner The same 
type of dressing is applied as in the lower 
leg guillotine amputation, including a pos 
tenor splint for immobilization 
In any guillotine amputation it may be 
necessary to make longitudinal loasioos 
from the end of the stump upward to lay 
open any areas of gross infection discovered 
at the time of operation If this is not done 
further extension may occur 
Lower leg Amputation There is no 
que&uoa that the lower leg amputation is 
mure satisfactory from the point of view of 
efnciency and ease in walking with an arti 
Qcial leg than any other type of major am 
putation The preservation of the patient’s 
knee joint is of course responsible for this 
Lnfortunately, hovrever, it has definite and 
very important disadvantages which often 
outweigh Its benefits and make it necessary 
to consider many factors m the selection of 
suitable cases 

Indications The surgical requirements 
for a low er leg amputation are ( 1 ) Adequate 
circulation (as evidenced by a palpable 
popliteal artery pulsation and a warm skin 
of good texture with no abnormal color 
changes above the level of the ankle), and 
(2) absence of infection (le, no septice 
rma), and no lymphangitis phlebitis, or 
cellulitis above the level of the ankle 
If both the above requirements are met, 
the amputation is indicated in patients who 
are under 60 years of age, bght or average 
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in weight (never overweight), and active 
but not required to stand for long periods 
of time I 

Disadvantages The disadvantages of the 
lower leg amputation are three 

immediate postoperative complications 
The most important of these is delayed 
healing Areas of necrosis in relation to the 
skm edges are not uncommon and may be 
due to a combination of factors such as 
minor infection, thin vulnerable skin, and 
diabetes Even with careful operative tech 
nic a certain amount of manipulation is 
unavoidable in the lower leg amputation 
This contributes to the delayed healing and 
the often prolonged hospitalization 

CANCRENE OP STUMP This may occur m 
cases with advanced or rapidly progressing 
arterial disease The elderly diabetic may 
have such a process, resulting in a popliteal 
or femoral artery thrombosis If this occurs 
10 the same extremity, gangrene of the 
stump will resulu It may appear weeks, 
months, or y ears after the amputation and 
necessitates a secondary thigh amputation 
It IS therefore preferable to select younger 
patients with good urculauon for lower leg 
amputation 

TENDENCV TO PRESSURE AREAS OR ULCERA 
TiON The stump is of necessity subject to 
lateral and medial pressure smee weight 
beanng is received m these areas through 
the artifiaal leg Constant pressure at these 
points in patients doing a considerable 
amount of walking leads to stump difficul 
ties lu many instances Therefore patients 
who wish to do much walking or who are 
overweight are not suitable for this type of 
amputation. 

It naturally follows from what bos been 
said that proper fitting of the artifiaal leg 
IS e<isential and that frequent adjustments 
are necessary in patients with this type of 
amputation stump A conscientious and in 
terested limb maker should be constantly 
available to the patient if trouble with the 
stump IS to be mmimal 

Tecmmc The level of the incision can 
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not be fixed but must vary, depending upon that minimizes the lengtli of the skin flaps, 
the adequacy of the circulation and the but yet favors the performance of the am- 
level of infection in the individual case. It putation with a minimum of trauma We 
IS rarely (hat a lower-leg stump can be safely have used and discarded the common tyr)cs 
obtained that is longer than four to six of indsion— ie, drcular, lateral-meclnl 


Anf. Tf&ialis M. Oigilotum Long M 



Fic. 479. Lower-leg amputation. (A) Level of racquet incision. Note extension upward 
along shaft of fibula. (B) Skin, fascia, and muscles have been divided, exposing tibia and 
fibu^ Note difference in the level of division of bones and beveling of tibia. (Sec inset 
for further bevelmg with file ) (C) Approximation of muscle layers has been done and 
the more important approximation of the antenor and posterior fascia has been started 
Lack of tension in all layers is of utmost importance. (D) Skin has been approximated 
c.irefully without tension. (E) Proper difference m len^lui of tibia and fibula in closed 
stump. 


inches as measured from the tibial tubercle. 
Stumps as short as t«o indies may be per- 
fectly satisfactory, however, while no lower- 
leg stump should exceed eight to nine inches 
in length. 

'flic tjpe of incision used should be one 


flapd, and anterior-posterior flaps— and now 
employ a simple racquet incision This 
scems best to meet the above requirements. 
The handle of the racquet is placed later- 
ally and extended upward along the shaft 
of the fibula for a distance of two inches. 


582 


AMPUTATIONS IN DIABETES 


Fig 4S0 Fig 481 





Fig 4S0 Beginiung four inches belonr tibial tubercle, a skm incision along middle of antero- 
medial surface of tibia is carried doMii to periosteum and distally for six inches (A) Shows 
relation of skin incision to anteromedial surface oC tibia (B) Fascia adjacent to both sides of 
tibia IS mosed the length of the skin incisioo 

An uistrument or the finger is then placed m the avascular area on both sides of tibia 
between it and the muscles, and by sweeping Gnger along first one and then the other side 
of tibia for extent of incision, it is separated from the investing muscles down to interosseous 
membrane 

Ftc 481 Interosseous membrane is pierced with a sharp periosteal elevator which is earned 
distally and proximally, freeing tibia from Ibis structure for extent of incision A Gigli saw is 
passed posterior to tibia at upper angle of wound in jaws of a curved clamp and is grasped 
with a clamp on opposite side, pulled through, and the handles placed on the saw Soft parts 
are protected from saw by medium abdominal retractors Tibia is divided with Gigli saw as 
water is dripped upon site of division Care is taken to prevent injury to soft parts, particular]} 
posterior Ubialveaels 

{Continued on ntJ^l post) 
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fibula and consequently helps ^bed above The muscles and fascta are 

consrderable amount o ^ carefully approa, mated tn layers over 

ciateJ uith this step of the operatton (Fig ^^in closed 

“’Se incision is carried throunh “I^Ireme'y lirtant that there be no 

fascia, the latter being separated from the „ „ccrosis 

anterior aspect of the tibia by jf there is tension, it is adcisa 

section The hmfe should he ye to remove sutures and excise sufficiently 

die skin incision The muscles are divided ble^^ ^ satisfactory closure 

cleanly (with a minimum of trauma) do ^ applied to the 

to the bones, all mam vessels and ne^es ^qP^cs of several 

being identified and clamped before bem ,j„d an outside pad, bandage 

cut The interosseous membrane is divided jbcsive applied as described under 

last The muscles are dissecter^ free along amputation It is also 

the shafts of the tibia and fibula up to the low« leg g y com 

proper level Tins distance is approximately necess J immobilisation of 

half of the diameter of the lower leg and is ort to m p ^ p^^,cr,or splm 
measured on the tibia from the level of the ^ ,^ative care of the stump will 
skin incision The fibula must be divided at later under postoperative care 

a level at least an inch higher than the amputations in general 

tibia This is done with a Gigli ',j.bc closed amputation 

the division of the tibia since greater sta by cr Beverly C Smith’ o 

bihly of the extremity is helpful dunng thi g described by means ot tbc 

procedure The periosteum is treated in the ,,,„sbalions shown in Figures 480- 

usual manner 

The tibia is then divided with a savv ^ jc,.s,ci,es Amputation Anv'.h 

surrounding stump must be P™'"'”'* TAOts The Gntti Stokes amputation is ideal 

gauze strips or a pad during ® F ,be patient who must be very ae i 

that small bone particles will not be le t m ' Pc, at leg for hours at a linio The 
the stump The sharp anterior "“’Sm ol^' , ,bc jiump and rts ability to slimd 

tibia IS removed with the savv and then “ud bear.ng makes it 'ery suitable 

beveled with a file so that there will be no d.rec u 

sharp point of pressure heneatl, the anterior ms _j^ycull and the ga t 

hycTs of the stump During all the above than .1 the patient has ■ s 

procedures, rctractmn of the muscles when more un ^^,_bc,al knee joint 

necessary should b e qu.le gentle and mam ’arn^ 

no 482 Af'erdivision, tibia IS dta^ lor'^dandmedi^ closed div',Jed"S°a 

Fic 4S3 \n ‘"Cision IS »med deep beneath for a 

\ertical incision through sl^m, fascia is divided This skin sub- 

CTuCZouri-;" 

bclorc removing it Irom its investing 
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Fig 484 


Fjc 485 



Fig 484 After dividing fibula, loner third of leg is depressed at a right angle to upper 
portion Loner divided fibula end is guided through the muscles with finger to pre%eiit their 
injury Tibia has been previously separated from its investing muscles Those of fibula are 
now dissected from it with a curved sci<sors, keeping points directed against periosteum so as 
not to injure peroneal vessels, which ^le posleromcdi^iy to Bhula ?3o penosleutn should he 
left behind 

The bones have now literally been removed from their investing muscles without dissection 
entenng muscle bclhffi, practically a Woodless procedure which has preserved collateral cir 
culation 

An assistant standing at foot of table now makes distal traction on part to be amputated 
by means of one band on heel and a towd around tibia and fibula This puts the muscles on a 
slight stretch Another assistant encircles upper part with his hands as a tourniquet A long 
amputation knife is then placed at angle of reflection of deep fascia of skin flap and the soft 
parts are divided transversely at a right angle with one firm sweep of the knife 

Fig 485 Vessels are clamped with mm henmtats and ligated individually, without sur 
rounding muscle tissue with a ligature of either 0 or 000 plain catgut or fine silk Fibula is 
now dissected from lateral ude from its investing muscles these retracted for adequate exposure 
and the bone again divided with a bone-cutting forceps 1 to 3 on above end of tibia Division 
is made cleanly so as not to shatter bone, lower scgmwit wiUi its periosteum is peeled distaUv 

{Contu ued on next fagt) 
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Nc\ertfaeless, it is also true that to many 
patients the advantage of a knee joint (as 
in the loner leg amputation) is ol less im- 
portance than IS the ability of the stump to 
lake constant punishment without getting 
mlo difiiculty A patient fortunate enough 
to haie an ambulatory or a standing job in 
spite of an amputation cannot afford the 
loss of either the time or the money result- 
ing from recurrent or pers sient lesions 
common m an overworked loner leg stump 
In such cases the Gntti Stokes amputation 
IS the logical answer to the problem 
Unfortunately this amputation has a 
rather limited use in the diabetic and com 
paralively few patients are able to meet 
all the requirements necessary for its selec- 
tion Most of these patients are in the upper 
age brackets and very few of (hem hav-e 
been actively working Of those who have, 
only a small percentage are able to con 
Unue with the additional handicap of an 
amputation In other words, in the great 


majority of diabetics requiring amputation 
one IS not stimulated to perform an ainputa 
Hon whose chief advantage will be wasted 
TTie low thigh amputation is best suited to 
most of these patients and will be discussed 
below 

Disaovantages In addition, the Gritti 
Stokes has certain definite immediate dis 
advantages as compared with the low thigh 
amputation, which contraindicate it evcepi 
in very carefully selected cases The di' 
advantages are (1) A tendency to necrosis 
at the skin edges along the line of incision 
(2) increased incidence of postoperative in 
fection,and (3) prolonged drainage of ‘lerum 
or synovial iluid 

These complications, although usually 
minor, are important because they prolong 
the postoperative stay m the hospital They 
occur because of the normally limited blood 
supply to the tendinous structures m this 
region and because the amputation itself is 
necessarily associated with considerable ma 


out of stump from peroneal muscles Prominent sharp edge of crest of tibia is rongcured off 
but not so deeply as to enter medullary cavity which predisposes to bleeding and local hema 
toma formation, and may necessitate a dram to that region 
lie 4S6 Poslcrior tibial nerve IS freed from vessels, pulled down, injected through a No 22 
to 26 gauge needle wnth 1 cc of 1 per cent novocame followed by 1 cc of absolute alcohol 
ligated with fine plain catgut or silk, divided vvilh a knife, and allowed to retract upward 
behind tibia Artery m this nerve often attains considerable sue as part of collateral circulauon, 
and as nerve retracts, if untied, it may cause bleeding which if vigorously sought for may 
damage the existing collateral 

HcmosiasiS is roro^fled with svjoU forceps and ligatures \S'’ound is washed with at least 
three pitchers of saline brought immedmlcJy from stenlizcrs Hemostasis is again reviewed and 
wound IS ready for closure after placing fresh towels about and under the part 
A solution of sulfanilamide or sulfalhiazolc may be used instead of saline, or up to 8 Gm 
of sulfanilamide or sulfalhiazolc powder may be sprinkled throughout the wound after using 
Saline for cleansing purposes ISce comments on chemotherapy, Chapter 22 — Ed ] 
lie 487 The deep fascia may or may not be closed vvilb fine interrupted (No 0 to 000 
plain catgut or fine silk) sutures on a fine curved needle, depending upon texture of deep fascia 
and presence of tension If any teiwion is created by closing it, it is not closed In this case onij 
the -^km IS clo«cd w ilh exactly placed fine silk sutures on fine cullmg-cdge needles 
Exact skin approximation is essential The skin is not picked up with forceps but is held 
in gauze \ dram of rubber dam, small Penrose tubing or a small soft beveled rubber lube may 
or may not be lelt m the dead spice below either tibia or fibula and be brought out of end of 
wound or anteriorly just bc>ond tibia 

A small safety pm is inserted through side of end of dram and a heavy piece of silk tied to 
safet> pm is led out through drcasing so that dram can be removed walhout disturbing dressing 
When dram is removed on first to third day, its end is cultured aerobically and anaerobically 
The author prefers to drain these wounds He has closed some without drainage, he has not 
seen drainage do hann if placed and removed as described above (Figs 484-489, Dr Bevcrij 
C Smith,) 
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Fig 488 {Top) The dressing is ex- 
tremely important — it immobilues the 
part A strip of moleskin adhesive wide 
enough to encompass two-thirda of the 
diameter of thigh and leg and long 
enough to extend from lower third of 
thigh to ]ust beyond end of stump is 
pbced on skin of thigh, but between 
It and posterior skin of Ug is a pad with 
a ia>er of gauze and petrolatum gauze 
over this (The latter keeps dressing 
from getting stiff against skin ) Thu> 
pad IS long enough to cover end of 
stump, which has first been coveted 
copiously by fluffed gauze 3Ioleskin ad- 
hesive, pad, and fluffed gauze are held 
snugly by at least two large soft rolls 
which extend to midthigh and across end 
of stump 

Fic 439 (Center and Bottom) A 
longitudinal strip of 2 inch adhbive 
holds this dressing in place on each side 
of leg and thigh, and similar sized cir 
cular strips pass three quarters around 
dressing A towel is in turn held snugly 
placed over this dressing and held with 
safety pins A two-pound weight is at- 
tach^ to end of moleskin adhesive strip 
with a Ji' to inch cotton rope pass- 
ing through a single pulley tied to fool 
of bed N'o pillow is allowed under 
stump — It rests on mattress 


oipulation and handling of tissues This en- 
courages necrosis and secondary* infection 
which complicate and prolong the post- 
operative recovery 

Indications The surgical requirements 
for a GntU Stokes amputation are two* 

A yALPAJlLE POPUTEAl, ARTERY PULSATION 

The juoputation is inadvisable in the dia- 
betic group if the artery is occluded, even 
though the collateral circulation may be ex- 
cellent 

NO INFECTION AHOVE LOWES TI118D OF LEG 

(i e, no lymphangitis, cellulitis, or phlebitis, 
and no septicemia) 

If the above requirements are met, the 
amputation is indicated in the following 
types of patient (1) One who is m better 
than average general condition and with 
every expectation of returning to an active 
life, and (2) one who is required to be on 
bis artifiual leg much of the day, either 
standing or walking 

Technic The proper placing of the skin 
masion is important and depends upon the 
accurate use of definite landmarks The in- 
cision which outlines the anterior flap is 
made as follows (Iig 490) The external 
and internal condyles of the femur are iden- 
tified and grasped with the thumb and mid- 
dle finger of the left hand A downward 
curved incision through the skin, fascia, and 
patellae tendon is then made between these 
two landmarks with the lowest point of the 
curve lying half an inch below the lower 
margin of the patella The incision outlin- 
ing the posterior flap is then made through 
the skin and fascia and connects the lateral 



AMPUTATION" IN ARTERIOSCLEROSIS: DIABETIC 587 

(he hook embedded in the divided patellar and clamped before division All lateral and 
tendon. The fat and periosteum around the medial structures are also divided. With the 
circumference of the patella are divided by leg well elevated identification of nerves 
the knife at the desired level for sawing, and vessels is simplified since the muscles 





Fjc. 490. Gntti-Stokes amputation (A) Method of detemining level and outline of 
incision. (B) Removal of articular surface of patella. The bone is grasped by large lion- 
jawed forceps during sawing. Stability is also obtained by tension on patella tendon 
through a hook. This method reduces trauma to surroundmg tissues. (C) Illustrating 
proper level of division of femur. (D) Fixation of patella to femur. Anteriorly, sutures 
pass through periosteum of patella; posteriorly, through drill boles in posterior margin 
of femur. (E) Sutures have been taken approximating patella tendon and remaining 
anterior joint capsule to the hamstring muscles posteriorly. Suture of anterior and pos- 
terior fasaa is half completed. (F) The closed stump. Careful skin approximation with- 
out tension is important. 


The patella is then grasped firmly at its 
circumference by large lioa-jawed forceps 
to prevent slipping, and the articular sur- 
face is removed with the saw*. The posterior 
incision is then carried through the muscles 
to the posterior surface of the femur, the 
nerves and mam vessels being identified 


retract upward out of the way as they are 
divided. 

The common peroneal and posterior tibial 
nerves and the popliteal vessels arc the 
only structures that must be identified. The 
common peroneal nerve is quite superficial 
and lies beneath the fascia in relation to the 
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medial border of the long head of the biceps 
femons The posterior tibial nerve lies su 
perficial to but in dose relationship to the 
popliteal vessels which are near to the poa 
tenor surface of the femur 
Nerves and arteries are treated as de 
scribed above 

Remaining tissue in relation<hip lo the 
circumference of the femur, including the 
periosteum is then circularly incised at the 
proper level The determination of this level 
IS important, and is found by marking the 
point on the femur at which the superior 
margin of the cut surface of the patella 
rests without tension The femur is divided 
with the saw at this point There is no pre 
Uminaty removal of periosteum since its 
presence is necessary for satisfactory union 
of the femur and patella 
The patella is then fixed to the femur 
Two drill holes are made through the pos 
tenor margin of the femur The patella is 
brought down over the end of the bone, care 
being taken that no soft parts become in 
terposed between the two Two doubled No 
I chromic catgut sutures are then taken 
through the tissues and the peno>teum at 
the lower margin of the patella, each one 
being passed through the corresponding drill 
hole in the femur and firmly tied 

fhe hamstring muscles are sutured to the 
cut patellar tendon with No 00 chromic 
catgut This helps lo fit the patella more 
firmly to the femur and in addition oblil 
erates the dead «pace controls oozing from 
the muscles and helps to balance the stump 
The fasaa and skin anteriorly and posle 
norly are approximated in the usual man 
ner A simple sterile dry dressing is applied 
to the stump m the manner already de 
scribed No posterior «plint is necessary 
Thigh Amputation The thigh (supra 
condylar) amputation is the procedure of 
choice in a large percentage of diabetics 
with serious lesions of the lower extremities 
As has been pointed out above, many of the 
major amputations occur in elderly patients 
who because of their age and diabetes have. 


ID addition to foot lesions, other conditions 
which are of equal importance m the deci 
Sion as to the t>pe of amputation indicated 
General arteriosclerosis with serious car 
diac, cerebral, and renal manifestations is 
common, together with varying degrees of 
involvement of the peripheral vascular sys 
tern includmg the arteries of both lower 
extremities Other pathologic conditions, 
such as cataract or retinitis, occur fre 
quently and are factors to be considered in 
determimng the appropriate amputation In 
short, we are often, faced with the problem 
of the elderly diabetic patient with many 
real or potential infirmities, whose general 
condtuon is hazardous and for whom we 
must do the safest and surest procedure 
Thigh amputation meets all the require 
meius because it is technically simple and 
is accompanied by fewer postoperative com 
plications than any other amputation 
In these cases >t is obvious that the quea* 
lion of use of an artificial leg is of secondary 
importance since these patients have for the 
most part outlived the period of economic 
usefulness On the other hand, a thigh am 
puialios does not necessarily mean a wheel 
chair existence We feel that, regardless of 
age, any patient whose ambition and general 
condition are such that an arufiual leg is 
possible should be encouraged and taught to 
use one The mid or high thigh ampuia 
tions of the past were too short to be usa 
ble except by joung and active individuals 
The low thigh amputation described below, 
however, has proved useful m the t>pe of 
patient we are interested in, since it is es 
senlially supracond>}3r in type and has 
given excellent ambulatory results 
■Vs in other amputations, the level of m 
fection IS an important preoperative con 
sideration On the other hand, adequacy of 
the arterial arcuJation is rarely a problem 
in the thigh amputation even when done as 
low as IS possible The collateral arculation 
IS ndi enough even with occlusion of the 
femoral artery to give satisfactory healing 
in the great majority of cases If there is 
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d„„M as .a U.e crculafon, a warm sk.„ bet.c hopekss gansrene or mfecuoa of 

r.he knee a.thout -y ^nor— CrcufaLoa ,„ade,ua.e to 

cta„ECs,ssuffio,entmd,cat.onlha the m “ ,i,„„ p„..ble (te ab 

colauon ts adequate for amputaltoa at a 


Fio 491 Thigh amputation W ^J''',°,|,““l”\'sian°fat,'Md fascia are divided 
margin of patella at upward after division making 

cleanly m same plane (C) j * p„p 5 "K quadneeps Mdoa “d u^S 


01 Capaule ana Knee ]omi aiiic.tuav v-/ ™iurc passed between meuia* 

tied and cauterized (see inset) N"*' '}L muscles This pievenU femur from 

quadriceps tendon and lateral group “< (E) Remaining sutures have been 

ikmg a lateral position and tends to bataee st^P t ! ^ in p aa 

taken (as in Dirand first suture “PP^^TcTfet^s entirSi d^ed Skm sutures are 

(1)1 iscial sutures are almost eompicte (G) Stump 

not too constricting nor too close togelliet 

, intection too extensive or at too high 
The indications tor thigh amputauon as ^ amputation 

listed beloiv ate largely self-explanatory and ^„ml.est and safest closed 

need irot be discussed turlbcr amputation is desirable and ihctc is no high 

should be placed again upon the v acute infecuoa , . 

this amputation ns the safest and sur^ ^ Inability to use an artificial leg be- 
means of Irealing ihc elderly, poor n 
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cause of any of the following General poor 
condition, inadequate arculation m the 
other extremity, advanced age, permanently 
poor or failing ejesight, excessive over- 
wei^t, mental instability, or previous loss 
of the other extremity, when the use of two 
artihaal legs is impossible 

5 Secondary to a lower leg guillotine 
amputation when the popliteal artery pulsa 
tion is absent or when any of the above 
indications are present 

6 Gangrene or persistent painful ulcera 
tion of a lower leg amputation stump in the 
absence of a popliteal pulsation 

Techmc A circular incision js used (Fig 
491) The amputation IS es^enbally a supra 
condylar one, the mcision bemg made 
around the thigh at the superior margin of 
the patella (mth the l»nee in full extension) 
The skin and fasaa are divided m the same 
plane Antenorly the incision is carried 
through the quadriceps tendon into the 
upper part of the capsule of the knee joint 
It IS well to bevel the incuion slightly so 
that the skin and muscles axe longer medi 
ally than laterally This compensates for the 
increased povrer of the medial group of mus 
cles which in the sutured slump exert a 
greater pull on the medial side of the stump 
than do the muscles on the lateral side 
Beveling therefore produces a more equally 
balanced sy mmetrical stump The large am 
putation knife which has been used for the 
skiQ inasioo should be changed or '^ponged 
off with alcohol before continuing with the 
amputation 

With the leg well elevated and the knee 
still extended the postenor muscles are di 
vided cleanly at the same lev el Small blood 
vessels are controlled by hemostats as they 
are cut \s has been pointed out above, 
as little cponging as is po>sible should be 
done throughout the amputation, and every 
care should be taken to avoid handling of 
tissue within the stump It is espcaally iro 
portant that no gauze, instruments, or su 
ture material be allowed to come in contact 
with the skin 


The nerves, i e , the common peroneal and 
postenor libial, are easily identified as they 
are encountered during division of the mus- 
cles, and are clamped and cut 

The popliteal vessels he deep to the 
nerves and are in relation to the postenor 
aqiect of the femur above the condyles 
These Me identified, freed up, clamped 
proximally and distally, and then divided 

All remaining muscles and tissue are di 
vided down to the femur Following the 
usual treatment of the periosteum the bone 
la divided at the proper level, this point 
being approximately a distance from the 
skm inasion equal to half the diameter of 
the thigh at the level of amputation Dur 
mg this maneuver the soft parts of the 
stump are protected and held back with a 
<peaal amputation drape or a stenle towel 
placed closelv around the bone 

Each vessel should be tied cleanly and as 
little extra tissue included in the tie as 
possible In some ca^ with marked calci 
ncation it i» well to crush the artery first 
or it may be difncuU to occlude it com 
pletely with the Ue Occasionally the bifur 
cation of the saatic nene so near that 
time will be saved by treating it as above 
rather than treating each of its branches 
individually 

The stump is now ready for suture This 
IS done in two layers, using interrupted 
sutures The first and deeper lay er is formed 
by sulunng the posterior muscles to the cut 
end of the quadriceps tendon This balances 
the stump, controls bleeding from the ends 
of the muscles, and obliterates dead space 
at the end of the femur The second layer is 
sutured over this and is formed by approxi 
mating the anterior and postenor fasaa 
The “^km is then closed with interrupted 
No 8 ‘^ilk Skm stitches should be fairly 
loo:>e and not placed too closely together 
This avoids necrcbis of the skin edges 
permits the escape of small amoui 
blood which might otherwise accumul 
the stump and result in objectionable 
tomala. 
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A large dry dressing is applied m the 
usual manner as described above No pos 
lenor «plint is necessary 
A sometthat different method of perform- 
ing a low thigh amputaUon has been 
worked out by CallanderS and ,s described 
as follows* 


made very close to the tensor lasciae latae 
tendon in order to avoid the mil cnlar tit ers 
of the biceps Continuing distally os the 
lateral epicondtle the mci.ion estcnih or sard 
to meet the medial incision at the ann 
tibial tobetosity, thus outlining the an e lor 
flap of the amputation _ 

Corresponding mcisions from each fc ^ 

‘;:Zrams illostrate the stage^ th. ^S^StEL 

3r;?acelfL'ra!1L^f pos ]5 “loJtp' »To^Ve” "i 

MrXS''i>''aPP'‘e°d°The*OTgeon stands on a ' 2 ;yy’’“,Je'sorpaTJof^^^^^^^^ '"e'r 

tS Cani'.;"^ ^ of a f nsiderahle portion of the s,„ 

!o be operated on He maintains this position tissue of Ae leg 

Ihroughout the operation because the Kenlial AUention ag“m 

steps are directed through a medial aPPt“™ aspe« ; ,fle medial incision 

to the popliteal space From this position the honrontal poilion p , e , that portion 

rpera.n“ oS the lateral part of to low cornmon o the In o^ flaps, , 

thigh and knee are accomplished readily by '^"8 ,5 j„p„ed through the 

rotating Ihe knee medially , the thigh Division of this 

The skm incisions [Figs i^Terf'rLll layer nt'fb, ■= 

lining the slightly unequal anterior and ^s the medial nail of the 

tenor flaps are at to same level as to inci strong stro e to 

sions that sever all to deeper soft parts The PPP^'^’ ^ ‘ ‘ The left forefinger, not* 

incision on to medial asP“‘ »' J'S iS'., tfswSy mto the pophleal space 

begins at a point three fingeibreadthsproam at insetle > . medial ham 

to the most prominent part of the medml (mml n msettions by 

femoral condyle [Fig 4921 and runs hon a ng todons^ ,e„- 

zonlally distally m to Pa’P^ble groove “““‘ ^.v.Aed in the order named sato'“|; 

inecn to vastus niedialis and the »tlotui5 tosa semimembranosus, and semitend mm 

muscle. With to knee '^1;“'“?' "'X .IT 'Siring this dissection no toby jwrtion 
groove can be defined readily After th medial hamstring muse 

Sion has been deepened to 'h= /'"'e>»Pr"E “ “1„ Srt of to vastus mcdialis muscle need be 

deep fascia of to thigh, to adductor lubetde snvrartotine h.,„ 

of to medial femoral condyle and the tendon 
of the adductor magnus muscle, which inserm 
on It, can he palpated The skm incision con 
imucs distally over the medial eP'“"‘'y 
sweeps fonvard, and crosses to antcri 
face of the tibia at to anterior libiat tote 


any part of to vastus ham 

caused, much '"“f J“ ,mo to apo 
strmg tendons retract posterior 

neurotic and areolar Further 

flap and are "'rmg ?he tendon of 

exposure is gamed *^7 , ° I attachment 

esunsor tendon inilvfie thus is afforded Moderate flex o ^ 

The thigh then is rotated relaxo the pophlea a fingS now 

toward the surgeon) The skm mas o niampulalion space 

lateral aspect ot the ^ iJto mserted more ^P'il ‘^Cor'^uK olfte 

493, begins at a point tbire Imgcin ^ ^ to the ^slerio^ 

proximal to the lateral femoral ^ femur, the „,ih, or even 

palpable groove between the drawn easily to “ fp,g 495] Here 

tensor fasciae latae (ilioUbial trn ) outside, the sl^ and divided as near 

biceps femons muscles The inasion must W ’rinlitcal ^Sce as is 

Mtcanmcd »„1, 

Ihe author and ihc American Medical 
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Fig 492 'Ntedial suiface o{ kit Uugb and bnee skm mosiDns on medial 
side of low thigh and knee marking long anterior and posterior flaps Alien 
tion IS directed to amuscular and avascular interspace between vastus 
medialis and sartorius muscles Note that flaps for this low thigh aznputa 
tion are derived from soft parts of leg 

LATtAu. suBfAce cr un mch M.ir 


C*9<M>n 
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Fig 493 Lateral surface of left thigh and knee skin incisions on lateral 
side of low thigh and knee marking long anterior and posterior flaps 
Attention is directed to amuscular and avascular interspace between tendon 
of tensor fasciae latae (ihotibial tract) and biceps muscles Bic^s muscle is 
composed of fleshy fibers almost down to its insertion on head of fibula 




lUoo 



Tio 495 Medial surface of left thigh and knee further deepening of 
flap incisions on medial aspect of knee \cs5els and nctNcs in popliteal <ipace 
are sectioned 3fam drawing sbon-s retraction of hamstring muscles after 
section at their tendinous insertions on tibia Contents of popliteal space 
noware widely accessible and vessels are I^tcd Iiwil demonstrates method 
of securing and dividing tibial and comnion peroneal nerves 


Fic 496 Lateral surface of left thigh aod knee (knee routed medially tonard 
surgeon) deepening of dap incision^ on lateral aspect of knee Left knee forcibly 
rotated medially lateral between lUotibial tract and biceps muscle n> dedned, 
and biceps is sectioned at its insertion on bead of fibula Inset indicates structures 
deep to biceps tendon Common peroneal aer.e already has been, sectioned 
through medial approach (Fig 495) 

». ueftc' V ic» »H.,« KMO KNcr 





Fro 498 Anterior surface of left thigh and knee upward dis- 
section of anterior flap and removal of patella from joint side The 
saw line m mam drawing is well down into condylar flare Inset 
shows sharp dissection of patella from its fossa m quadriceps tendon, 
leaving rectus femoris tendon mtact to act as a buffer for cut end 
of femur. 


\imiuX or un ■••on <>« ancc 



Fic 499 ‘Medial surface of left thigh and knee 'cclion of femur 
after formation of long anterior and posicnor flaps (Inset A) shoirs 
patella fossa ready to receive cut end of femur (Inset B) snow3 
anterior flap loosely appro\iDUtcd to posterior flap /\s flaps unite 
and posterior flap retracts, paldlar foua lodges femur end 
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convenient The tibial (internal popliteal) and 
common peroneal nerves then are dravni read 
ily into the wound as one trunk, finset. Fig 
495] and are anesthetized, ligated, and di 
vid^ Each of the components of the nerve 
bundle IS injected with absolute alcohol to 
prevent neuroma formation, and the stump 
IS allowed to retract into the proximal recess 
of the popliteal space 



Fig SOO Transparency drawmgs to 
show location and size of condylar end 
of femur in redundant amputation 
stump (A) View of the stump from 
tconjt, seen, fcoca «de., 

stump viewed from end before clips 
have been placed Skm clips are the 
only means of approximating Haps at 
time of operation 

The partly hexed knee now is rotated to 
ward the operator [Fig 496] , and the lateral 
longitudmal skin incision is deepened through 
the deep fasaa of the thigh The incision is 
carried through the deep fasaa as far as (he 
insertion of the biceps muscle on the head of 
the fibula, where the btcepa tendon then is 
severed At this stage of the operation the 
pophteal space may be opened widely from 
side to side since the esbcnUal structures have 
been divided Deepening of the incision mark 
mg the posterior flap down to the ^troc 


nemius aponeurosis, and clearing from it the 
areolo adipose debris, free the posterior flap 
It is advantageous to leave the fibro-areolar 
tisaue of the pophteal space m contact with 
the femur as far donn as the level of the 
adductor tubercle in order that there may be 
as little dead space as possible between the 
posterior flap and the femur 

The knee then is extended [Fig 497] and 
the incision markmg the distal portion of the 
anterior flap is deepened through the capsule 
of the knee joint down to the femoral condyles 
and to the tibia, thereby severing the quadri- 
ceps tendon at its insertion into the tibial 
tuberosity The anterior flap contaming the 
patella is dissected upnard oS the infrapatel 
lar fat pad and drawn upward on the thigh 
until the supenor synonal recesses of the 
subquadriceps space are seen [Fig 498] The 
patella is dissected from its sesamoid position 
in the quadriceps tendon, care being taken to 
preserve the longitudinally disposed tendon of 
the rectus femons muscle, which runs over it 
[inset. Fig 498] Preservation of ibis teidon 
adds matenally to the end bearing capacity 
of the slump after the cut end of the femur 
is fitted into the socket from which the patella 
has been removed The synovia on Uie an 
tenor flap and over the femur proximal to the 
condyles is not excised The femur now is 
sawed through the cancellous portion just 
proximal to the adductor tubercle [Fig 499] 
At this level the shaft of the femur has ex 
panded to a size that approximately curre 
spends to the patellar socket in the quadriceps 
tendon The cut end of the femur is rounded 
with a rasp until no sharp surfaces and no 
fnnges of penosteum remam 

The two large flaps are inspected now for 
U«*dV!ig "{KintA 'Ei'/Kft Zhti ^ ajS-tV' 
tamed best by sluicing the surfaces of both 
flaps with large quantities of warm salt solu 
tion This flushing has the additional advan 
tage of washing away small soft tissue and 
bone debris Many small bleeding points may 
require ligation after this procedure Inspec 
tion of the body of the posterior flap shows 
no muscle fibers but only areolo adipose tissue 
and the cut ends of the hamstring tendons 
These tendons already are retracted into their 
aponeurotic beds and are scarcely visible The 
flaps now are allowed to fall together loosely 
[inset B, Fig 499] 

The only coapting suturing during the oper- 
ation in the form of not more th^ four to 
SIX clips or sutures placed at such mtcrvals as 
to keep the flaps in fair apposition [Fig 500] 
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the to move himself in bed vkithout exerting 
When the skm edges 'mSe harmful pressure on the heel of the re 

'’"r.r.Aufc.ett firm’un,on „a.n.ng foot, wheh may result ,n pressure 

Se or the tendons or aponeuroses of the The latter is an unfortunate and 

antenor flap are sutured to the corres^nding complication that must be 

Cures of the posterior flap n this w The frame is also of grea 

m structure is under any C'i' 3, a the general nursing care since the 


therefore cannoi ou-ui aus. "t, 

ceedmgly long and even extend an mch or 

more beyond the femur end immediately alter 
they are fashioned To the surgeon accus 
tomed to the routine type of low third femur 
amputation, the flaps will appear excessively 
redundant and clumsy, and he will fear that a 
bulbous stump end and large dead spaces will 
result He will wonder, too, when he notes how 
wobbly the femur lies between the flaps, how 
the femur end will gam contact with the 
patellar socket and fuse there During the 
early days of convalescence, the reason for 
leaving these flaps under no tension appears 
\l the end of the second or third postoperative 
(lay and sometimes even within a few boura 
after the operation, the hamstring muscles, 
severed only at their distal attachment, con 
tract to the degree that the skin *' . 

lies posteriorly placed at about 
the stump end, and the femur is felt in the 
patellar fossa 

ITor further details m relation to ampu 
tations, see Chapter 19 —Ed ] 

Postoperative Management of Major 
Amputations The management of the dia 


bedpan, etc . 

PIOIECIIOK or Reuaininu Foot Ilus 

may be accomplished by 

1 a EiuM PiM-o" “ 

lo elevate the heel from tire bed 

2 a WmE EEAME OK CKAUtE M.ACED AT 
THE FOOT OF THE UEU to prcvcut prcssuro 
on the toes by the bedclothes 

3 a UEAVT WOOLEN SOON ivoru to protect 
the foot against trauma and to Keep it 

"TuaiLV root cake, including bathing 
with warm soap und water, and the ^ o 
toilet lanolm lo present ® 

of the skin Nails corns, and calluses are 
irpated as the occasion arises 
" 5 uue“ EK EXEKCSES to sumuble circu 
lation are indicated m the later stages 

'’’MrSutrXo'raEVENX rUKONCLES ASU 
Akeas or rEESSUEE Neckosis 01 Back. Dia 
telics ate patuculatly susceptible to ne 
5 due to pressure over the sanum ») 


Amputations The management ol uie oia pressure over the sanum y J 

betes has already been discussed in yiml mo bmra day 

and need not be repeated here The bed care ^ ,vith alcohol 

of the patient who has had a raafor ^ pondered (2) There should be no rub 

... .and includes ana ti e . as a pro 


of the patient who has nao a jjwjaa. . 
lion IS extremely important and m 
spcafic measures essential to a salefa ^ 

convalescence These measures arc d«.^ed 

lo prevent the complications j 

likely lo occur in the surgical dia 


rd^wLcd (2)Thereshouldl 
her ^eet beneath the patient (> e r as a pro 
S^tmrtu the mattress) This, if used . a 
£101 m Ihe prediction of lesions u 
hack by causing greater moisture 0 
skm 


...Lely lo occur in me ^ 

include the following „ jjed CitEacisEs Bed 'fmainini: 

MoEFinA, Paniopon, ue „„UUUS ol the arms and of tc^m'ng 

of these may be given m small should be entp'ojed m Ih^bt 

tyee or tour hours, rf necessary, to musde ^““gt 


Feave The bed of 
tation case should be cquippe 
by the time the patient hM oatient 

the operating room This allows the paUent 


elntEPd of the convaie»cc.».vw A- — 

tom^'e ofilramT^m'S'palieul is kept 
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flat m bed for a period of four hours m ac 
cordance with the usual routine after spinal 
anesthesia The stump is placed flat on the 
bed and is steadied on either <.ide by sand 
bags The practice of elevating the stump 
on 3 pillow IS objectionable because flexion 
of the hip over a period of several days 
tends to produce a definite contracture 
This is difficult to overcome later and is a 
great handicap m the u«e of an artificial leg 

^Vhen the patient is turned on his side, as 
he IS every tno hours the stump is sup- 
ported by a soft pillow placed between the 
knees or thighs The ^^ndbags may be 
eliminated after three to five da>a when mo- 
tion of the stump has become less pamful 

The importance of morphine, etc., for the 
relief of severe pain during the first few 
dal’s has been mentioned above 

In all closed stumps— i e the lower leg 
GntU Stokes and tffigh amputations— the 
first dressing is done on the fourth or fifth 
dav unless an elevated temperature or ten 
demess and edema above the dressing make 
earlier examination indicated One-half of 
the skm sutures may be removed at this 
tune If there is any suggestion of secondary 
infection that part of the inuston is opened 
by removal of stitches and separation of the 
skin edges A culture is taken of any exu 
date present Too vigorous palpation or ac 
live probing is objectionable at this tune 
and may cau^e exteasioa of a minor subcu 
taneous infection which would otherwise 
rapidly subside 

If the stump is satisfactory, the masion 
Is bathed with alcohol or painted wilh line 
ture of metaphen and a similar stenle dry 
dressmg re apphed The remaining sutures 
are removed on the tenth to twelfth day, 
depending upon the degree of healing which 
has occuned 

The application of beat to stumps in 
which infection is su pected is rarely help- 
ful In extensive subcutaneous or deep lO 
lection adequate early drainage is indicated 
and IS accompUshed by removal of all the 
Stitches and by secondary mcisions if neces- 


sary In conjunction with these measure' 
packs or irrigations with suitable antiseptic 
solutions such as Dakin’s solution or ozo- 
chloranud m saline (1 3300) may be used 
If incisions are necessary they should be 
longitudinal and adequate enough to Ia> 
open the full extent of the infected area 
Inadequate incisions will not check the in 
fectuui, which tends to progress upward m 
defimtely Stump infections in the diabetic 
cbaractenstically extend up the fasaa lata 
in the thigh and unless controlled will ulti 
mately be fatal 

The compUcation of stump infection as 
discussed above should not occur it indi 
cates either an error m judgment in electing 
to do a do ed amputation, or an operative 
coniaminaiion due to faulty technic 

2 Stimp Cam: in Reiatiov to Speotic 

TvPESOP/kilPUTATION tOWESAMPUTATIOV 

The posterior splint is not remov ed for eight 
to ten da>s At that time the postoperative 
sensitivity to piessure and motion bas dis 
appeared and the mcision is practically 
healed 

At the first dressing one may find edema 
of the stump without any evidence of inlec 
tiOQ This, if allowed to persist, inaeasea 
tension ov er the end of the tibia and may re 
suit in necrosis of the overlying skm In 
these cases carefully applied adhesive skin 
traction below the knee is helpful and 
diould be maintained until the edema bas 
subsided 

The complication of gangrene of the 
stump due to thrombosis of the femoral or 
politeal artery in cases improperly selected 
for loner leg amputation has been discussed 
Secondary thigh amputation is indicated 

The postoperative care of the lower leg 
amputation ctump is otherwise as desenbed 
above 

LOWES LEO GUILLOTINE AJJPOTATION If 
the patient shows no evidence of acute in 
fectioR and ha:> a satisfactory chart, the 
omtment dressing applied at operation need 
not be changed for five to seven days How 
ever, if drainage is profuse, it may be neces- 
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.1 .«»r*nrfant advantages of the gill 


sary lo do the dressing earlier If the open 
end of the stump is clean, a similar dressing 
,s re applied and changed thereafter as often 
as is necessary 

In the cases in which gross infection de 
relops m the stump, Dakin’s solution or 
arochloramid in saline should he started 
The most satisfactory method of application 
IS through Dakin’s tubes placed in the dress 
ctiimn EnouEi 


imporunt advantages of the gml'otine am- 
putaUon, m addition to its lalue as a life 
savingmeasure, is that in the sicker patients 
one may wait mdeamtely before doin„ the 
secondary closed amputation prirideJ 
more time is necessary to accompli h r 
desired improvement The type of dr e 
amputation done depends upon the reqi i e 
ments of the individual patient and mar be 

. nr n Inw tlilGD 


me most. ^ individual p iucui asiva ... . . 

IS through Dakin’s tubes placed in ‘he dress ^ r,, , 

,„g over .he end of ‘he stump Enon^ "^^ and mortahly is extremely low in -he 

solution may then be ms .lied *0^^^^^ above when done seeondary to a dean 


solution may men ne msni.r,. - 

tubes (le, S to 10 cc every two bourn) to 
keep the dressing moist and effective If the 
arochloramid solution is used, instillatmn 
erery six to eight hours is sufficient me 
patients comfort during the dressings is 
greater if a fine meshed, closely woven ma 
“ . . 1..1.S - .tear! rtirPCllv OVCI 


bidity and mortaiiiy cai*.-....-./ 

above when done secondary to a dean 

lower leg guillotine amputation 

IIIIGU omtoollitc ampoiaiion The rare 

ttwirgguin—i^T^^^ 

r;.hJev^r,areffiffi^and-^ 


patients comion Qurmg however, are ditticuii anu 

greater if a fine meshed, closely "°ven rna of the presence of exten 

tetial (compress doth) is used directly ove P ,„(j(,uon The mortality is high 

the end of the stump rather than “snal ‘ 8" prolonged hospital stay is the 

coarse gauze which becomes adherent to the thetelote.a p 

exposed tissues and whose removal is pam rule 
ful As has been mentioned above, this 
should also be used m the clean cases m 
which boric or codliver ml ointment is em 
plojcd as the dressing of choice 
In stumps with extension of infecuon 
along the fascia or muscles the same prmci 
pics of drainage apply as have been dis 
cussed 


comoletely adequate drainage of all »nfecie 
« Frfi^nsive longitudinal incisions, so 

es 01 drnmage npp.y as - i^CTl^n^e^orDlt -lo 

^“Tbe posterior splmf is used up fo Jhe 

If the patieut and helps to maintain com and suppo „3ed 


01 me paueni unu uw.v.-x 
plele stability of the dressiny 
We have discussed the importance of pe 
forming secondary closed amputation m 
these coses The facts that a hf 
leg guillotine stump is t^asatisfac^ 
ui ;.th n prosthesis and that s^d^ 

dosed amputation shortens the bospilM s^y 

are logical reasons tor iisprac^ 


and supportive measures • 

■^S"nfec..onhr.— ^ 
unless ,.s 

With necessary drainage of 


dosed amputation shortens tnc necessary drainage oi ^^les 

ire logical reasons tor this P-^n stump It is J,*'] ’Jo^ suffi 

“r^^Sr^tlorhas « "r'-reunt Je ,emm 

ir !:;'tmtrmay -y from one m should not be dene, 

two weeks m the average case One ol me 
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since It IS rarely successful in the diabetic 
and usually results m a flare up of infection 

CRlTir STOKES AND THIGH AMPUTATIOV 

The care of these stumps has been coiered 
under the general care of stumps 

Complications of Major Amputation. 
The comphcations following amputation fall 
into four groups (1) General infecbon sec 
ondary to that of the amputated exlrenuiy, 
(2) infection of the stump, (2) other stump 
complications, and (4) conditions second 
ary to general obhteratiie vascular disease 
or diabetes 

1 Genxrai. Infection Septicemia ex 
istiDg preoperatiiely and persisting after 
amputation is the most serious surgical 
complicauon and is an important cause of 
death Unfortunately it is often unavoida 
ble, and will continue to be so as long as 
late cases of gangrene and infection present 
themselves for treatment In these cases the 
surgeon cannot be cnticiaed if be has recog 
nized the septicemia preoperatively and has 
performed a prompt guillotine amputation 
On the other hand, he should be held re- 
sponsible foe a postamputation septicemia 
in a case in which he ba» previously done 
an unsuccessful local procedure Treatment 
of the septicemia is too often of no avail, 
but should consist in general supportive 
measures adequate fluids transfusions for 
secondary anemia etc Chemotherapy if ef 
fectiNC may save the We of the patient 
hletastatic abscesses, both supecflc^l and 
deep, are common, e«peaaBy i! the organ 
ism IS the staphylococcus These abscesses 
should be located and drained as promptly 
as possible 

2 Infection of an Amputation Stump 
This may be a fatal complication unless 
recognized early and treated promptly This 
has been discussed in detail under the post 
operative care of stumps In these cases 
death may result from extensive prolonged 
sepsis or from an acute process temunat 
mg in a septicemia. 

3 Othes Stump Complications sec 
ONDARY hemorrhage This should be ex 


timely rare both in clean closed stumps 
and in those that are infected 

Mention has been made of the desira 
bility of markedly crushing calafied mam 
vessels before tying to insure complete oc 
elusion at the level of the tie This prevents 
bleeding from the lumen of the artery into 
the deeper layers of the stump A large 
usually pulsating hematoma is evidence of 
this The treatment consists in immediate 
return to the operating room where the skm, 
fasaal and muscle sutures are removed and 
the vessels retied after removal of the clot 
A tourniquet may be neces-^ary The stump 
is then resutured It must not be drained 

Secondary hemorrhage in massively in 
fected stumps is uncommon even when the 
main vessels are bathed in pus Thrombosis 
occurs rapidly under these conditions in an 
artery which already has more or Jess ar 
teriosclerotic degenerative change This is 
the best insurance against secondary hemor 
rhage 

NTcxosis OF iNasiov The skm margins 
may become necrotic m any stump that is 
secondarily infected It is moat often seen, 
however, in the lower leg amputation where 
the arculalory margin of safety may be 
small It 15 also not uncommon to And a 
narrow zone of skm necrosis in relation to 
the edge of the posterior flap in the Gritti 
Stokes amputation There is no specific 
treatment in either case save that of infec 
lion if present Healing must be by second 
intention and la therefore considerably de 
byed 

CANCSENE OF STUMP This rarely occurs 
except in cases improperly selected for 
lower leg amputation, and has been dis- 
cussed above Gangrene of the stump is due 
to tfaromboais of the popliteal or femoral 
artery and the treatment is re amputation 
at a higher level 

Stump ulceration and pressure lesion^ 
also occur, largely in the lower leg araputa 
tions, and have been considered 

Minor pressure lesions occur but rarely 
m. the thigh or Gntti Stokfo stumps, and 
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1, , r.r TP adiuslment the measures used to protect it during the 

rapidly subside with rest or re adjustm ted period have been con 

of the artificial limb ordered During this time one must thiiib of 

esEP pBtrams This is an unusual ^ 

pbcalion in the diabetic, but eaplains prevention of pressure necrosis but 

Lsional thigh or Sto^' ^ M»Se point of view of its future 

which shows edema without a y usefulness This is particularly important in 

of mfeclion in the stump ^ ^ rialient who is to use an artificial limb 

, 1 .... coves are ou a lymphedema basis the pallet 


of inleclion in uie sinu.i. - - s - 

Hose cases are on a lymphedema basis 
ralhet than due to a phlebitis In any case 
they subside gradually with simple eleva 
lion We have seen only one pulmonary 
embolus in these cases 
PHNEUL SIUUPS Except tor the pharitorn 
toot pain which is the usual early complaint 
of most patients following amputation pam 
lul slumps are not a problem m the diabetic 
r,., caf 4>i» Tiprves toeetbej 


usefulness ims is 

the patient who is to use an artificial limb 
since his ability to be active depends upon 
a serviceable extremity It is all too eusy^ 
m a patient who is convalescing fo lowm 
an an^utatiou to focus ones attention on 
Ihe imLdiate problem of the 
Slump and to forget the good 
Inactivity ot the latter may further impair 
an already reduced cir»laloj etfaen^ 


oimosipaueiubiuuu«i*.o— t-— - * nlrcadv reduced circuiaioiy - 

lul slumps are not a problem m the *tibetic an ,t mcapahle of 

The cauterization of the nerves log , j._r; the additional burden which ac 

wiU. the other technical points diseased ^ of a prosthesis There 

above contribute to the satisfactory resu ■“ essential part of the mobiUzaUon ot 

It IS probable however, that a comtona SriTerauve patients who have poor 

ble slump depends upon many factors „.,;„ut,on m the remaining extremity, or 

most important ot these ate An operaUve ^ p„,„ged period m bed is 

technic which insures clean, sharp divi -.,mulation of the peripheral arculation bj 
of all tissues, including nerves liealmg Lnsidered ic Buerger 

without deep intecuon and a aex, ble non "”fj„ercises 

adherent slump •Plderlv oalients should not be kept i 

4 Conditions Secondakv to Gen^^ be^any lo^lr iban is necessary following 
Odlitesaitve Vascular Disease o ..mnutation The length of time will, 

UETIS These complications as repeatedly P depending upon their general 

pointed out above, are necessarily comm d,(,on and the amputation stump a 

in the elderly diabetic group and are re e poor operative risks due to 

sponsible for niucli of the mortality It is j ehronic infection of an ex 

uLcessary to do more than enumerate 

llrac nisEvsE Coronaiy Urrombosis is P— ■, ^fr -aT difficu.ues -1.^ 
common „ niw-Msitv require a more or less p 

CARDIORENAL DISEASE Dironic postoperative bed ^uch ^ 

fcction may also occur and is an impor mobilized as 5°°** m 

additional factor impro\emcnt to permit o 

crea^d activity 


CEREBRAL THROMBOSIS 
ruLMONARY DISEASE Terminal bron 
pneumonia is frequent Pulmonary embolus 
may occur , , 

DIABETES Hypergl>ccmia 
and acidosis are important and ncc 
discussed here _ ^,i»nre 

Mobilization o£ Patient. The ‘m^ 
of the care of the remaining extremity 


ea^d activity reiim" the pa 

Obviously Uie P™"’’ “"id”;' bCt vhould 
uent up should not bim first 

bn started ‘'^n 1°" 

to sit on the e g j ,,, a chair as soon as 

lowed by short adequate 

am comraind, rated a. this 
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stage because of their instability and the 
tendency of some patients to overexert 
themselves if given the opportunity 

The average patient "wbo does •well fol 
lowing amputation and has a clean closed 
amputation stump can be sitting m a wheel 
chair on the eighth to tenth day after opera 
tion Occasionally it is advantageous in 
quite elderly but active patients to get them 
up earlier in order to reduce the possibility 
of complications resulting from bed mac 
tivity such as pulmonary edema or pneu 
monia 

Any patient regardless of age whose con 
dition IS reasonably good should be given 
the opportunity to use an artifiaal hmb 
Reasonably good condition presuppo es the 
absence of severe cardiac disease, marked 
weakness, blindness, or any other condition 
which contraindicates walking A definite 
routine should be followed in this as in all 
other Stages of mobilizaUoa of the patient 
It IS our custom to measure the patient for 
crutches as soon as he begins to sit up m a 
chair When he has gamed suffiaent 
strength he is given a trial at standing with 
the crutches and, if he does well, be is 
helped to use them in walking By this time 
It IS possible to determme accurately 
whether or not his strength and balance are 
good enough to warrant a temporary artifi 
cial limb If so he is measured by the limb 
maker and a temporary peg leg («ee below) 
obtained This is used with crutches for 
a period of several days before discharge 
from the hospital so that he may become 
familiar with its use and be able to carry 
on with It at home 

The instruction in the use of the tempo- 
rary peg leg while the patient is still in the 
hospital IS very important if he is ever to 
become really ambulatory It is often true 
that if he is sent home with instructions to 
obtain a prosthesis later, he either never 
gets one at all or, if he does, be becomes so 
discouraged with its use that it is discarded 
In other words a proper start in the hos- 
pital with expert insliuctioa and help often 


makes the difference between success and 
failure in the use of an artificial limb 

Further detail as to artificial limbs is 
given below 

Artificial Limbs Teuporarv Limbs 
We have discussed the method of mobiliz 
ing (be patient following amputation, m 
eluding his instruction in the use of a tem 
porary limb The most satisfactory type of 
the latter is the temporary peg leg This is 
the most valuable appliance we have for 
teaching these patients how to walk El 
derly individuals in particular who would 
be unable to handle a permanent hmb with 
its artificial knee joint and foot do surpns 
mgly well on this simple appliance Some 
of them in fact are satisfied to use it per 
manently rather than to pay for the much 
more expensive permanent artificial hmb 

Regardless of age or the type of stump 
It IS necessary that the patient be fitted to 
the temporary appliance as early as his con 
ditioD and the stump permit This does 
away with the inactivity of waiting several 
months until the stump is ready for a per 
manent hmb Such a delay is objectionable 
m that it IS inevilahly associated with loss 
of strength and ambition It is additionally 
harmful in (hat much sitting over a pro 
longed period results in a definite flexion de 
fomiity of the hip which makes the use of 
a permanent artifiual hmb much more diffi 
cult Therefore, since moat of these patients 
are beyond middle age and adjust them 
selves poorly, early use of the temporary 
peg leg is the most important factor in the 
successful later use of a permanent aitifi 
cial limb 

The temporary peg leg is constructed so 
that most of the weight is taken on the 
padded upper margin of the bucket The 
bucket IS also adjustable in size, which al 
lows It to be tightened up with laces as 
the stump decreases in diameter This not 
only insures a proper fit at all times, but 
IS distinctly benefiaal in helping to mold 
the slump m preparation for a permanent 
hmb 
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Some of the younger or very ootivo ^ 

Id. snot gone so uns.ghtly There rs no 

objection to one rv.th the same type of laced 
bucket but which 15 equipped wi h a iMt 
and in addition has the 
lage of a joint at the knee level This doK 
not act as a knee joint m walking, hut can 
be unlocked hy hand when the patient sits, 
so that the hmb bends at right angles and 
does not extend straight out 
The temporary peg leg as described 
used m both the Gritti Stokes and low th.^ 
amputations In the Gr.tt. Stokes the weight 
IS first taken at the top of the bucket as in 
the low thigh Later as the end of the stump 

becomes less sensitive end bearing is gra u 

ally obtained by building up felt pads at 
the bottom of the bucket , _ „ , 

The same procedure may be followed m 
ihe low thigh amputations, many of which 
are able to bear some weight on the end oi 

the slump , .. t. 

The average patient with a low imgn or 
Grilti Stokes stump can start using the tern 
porary limb at the beginning of the third 
week , 

The same type of temporary peg leg is 
used m the lower peg amputation, ine 
weight being taken below the 1 nee on 
top part of a small laced bucket This 
stump however cannot be used as early as 
either the Gritti Stokes or the thigh since 
complete healing is mote prolonged 
aterage case can start using the temporary 
hmb m the fourth week if the slump 

Linns Many of the eWerly 

diabetics, as pointed out above, 

use a temporary peg leg fairly v' 

not adept enough to handle the niu 

complicated and difficult jo 

final limb Most of those, bf 

.ell with the peg leg look 

Ume when they can v^alk wi 

natural appearing not be 

who do poorly ^\llll peg I o ^rjnanent 

permitted to waste money on a pe 


appbance which one can definitely predict 
they wdl be unable to use 

A permanent artifiaal limb is of course 
desirable when practicable m any yv r 
case but should not be obtained no ea K 
A period of three to six months on d e cm 
poSry hmb is desirable m order th it the 
stump may have had t.me to reuh its 6ual 
size This necessary delay will avoid 
pealed adjustment of the permanco tab 
tong a period when the stump is still Ic 

cL.ngms.ae [For further details os ,n 

prostheses, see Chapter 19 -Ed 1 
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SCLEROSIS NONDIABETIC 
The types of lesion and the indications 

JLpLuon in the nondiahetic at er, 

sclerotic differ little if any from those a 

° Thtf pauents 

sdv^^^orCLent vvith painM exlrenn 
„es which may show no open >9^“= ^ 

have all degrees ,o complete 

small pinpoint areas of necros s H 

gangrene of one or 7p,„,,,em 

r"Ltad,ahenc?h::"fta\.messen 

here as in the uiaoeuc 

„al that the ^Lnce'of good col 

potations except in th ^ ,11 advised toe 

lateral “^“100 M 

amputation map ^ infection 

folly selected oases 

The mdications for mm r 

“oH^tor'camte eto.y ^ same as 

discussed above Amputation 

Indications Osleomjelltis of 

\upuiAii 0 N or A Toe. 1 ws 
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a phalanx in the presence of a good dorsaks 
pedis pulsation There must be no acute 
lymphangitis 

2 Osteomyelitis of a phalanx ^\lthout 
gangrene or lymphangitis in a pulseless fool 
which has good collateral circulation This 
presupposes a wann, well nourished foot 
without striking color changes on elevabon 
or dependency 

3 Gangrene limited to the distal portion 
of a toe in a pulseless foot with good col 
lateral arculation (as abo^e) and no acute 
l>'mphangitis In addition, a palpable pop 
liteal artery pulsation is required together 
with freedom from pain after a two week 
period of conservative treatment m the 
hospital 

Indications for Major Amputation. 
1 A painful extrermty with or without 
gangrene in which pain persists after three 
weeks of conservative hospital treatment 

2 Gangrene of one or more toes in a 
pulseless foot with acute IjrophaRgilis or 
extensive deep mfection which cannot be 
controlled by conservative local measures 

t e hot moist compresses 

3 Gangrene of one or more toes when 
there are no peripheral pulsations below (be 
femoral artery and the collateral arculauon 
IS poor 

Level of Amputation. Factors detennin 
ing the level of amputation are essentially 
the same as in the diabetic and need not be 
rediScussed We will emphasize the fact that 
the low thigh amputation as described 
above is also the ‘Simplest and safest ampu 
tation in this group and the operation of 
choice in the great majority of elderly 
arteriosclerotics with senile gangrene Also, 
the guillotine amputation is a life saving 
measure and is indicated in all cases of 
septicemia or high acute infection 

AJIPUTATION IN THROJIBO 
ANGIITIS OBLITERANS 

In the differential diagnosis discussed 
above we have pointed out the general char- 
actensUcs of thrombo-angiitis obliterans w 


respect to its age inadence, its chrome prci- 
gressive course, and its tendency to involve 
all four extremities 

The disease has two other important 
characteristics which are in contrast to pc 
npheral artenosderosis (diabetic and non 
diabetic) and which play an extremely im 
portant part in its management These 
ate (1) A greater tendency to develop 
collateral circulation, and (2) a much 
^eater resistance to infection The former 
permits more extensive successful minor 
amputations than is possible in the arterio- 
sclerotic with a comparable degree of mom 
vessel obhteration The latter reduces the 
incidence of rapidly ascending acute mfec 
tioo or septicemia which is so cbaractensti 
cally high id the artenosclerotic group 
Therefore, m thrombo-angiiUs obliterans 
the indications for minor amputation are 
broader and many more extrenuUes can be 
saved, while major amputation, although 
occastonallj necessary, need rarely be done 
as a life saving procedure. 

The age mudence of the disease is an 
other factor which encourages conservative 
measures and justifies prolonged hospital 
treatment Amputation of toes and dram 
age of the deeper structures of the foot 
should therefore be attempted before coo 
sidenog major amputation, except, of 
course, in the occasional case with hope 
lessly extensive gangrene or infection 

It IS not within the scope of this article 
to discuss details of treatment other than 
those related to amputation, but mention 
must be made of two operative procedures 
that are of great value in the management 
of thrombo-angiiiis obliterans 

Peripheral nerve block as described by 
Smithwick and White® has saved many ex 
tremities by relieving pain and permitting 
adequate treatment of local lesions It is 
also of benefft m that vasodilatation is pro- 
duced in the foot over the disinbuUon of 
the nerve that has been blocked 

Lumbar ganglionectomy is helpful and 
IS indicated in cases that have an assoaated 
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"rS-n, pfs 

„!L,.eo! >11 ampnlaunns are as described 
’ Wicalians tor Minor Ampirtation It 
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AMPUTATIONS IN DIABETES 


a phalanx in the presence of a good doisabs 
pedis pulsation There must he no acute 
Ij-mphangitis 

2 Oateomyehtis of a phalanx without 
gangrene or lymphangitis m a pulseless foot 
which has good collateral circulation This 
presupposes a warm, well nourished foot 
mthout striking color changes on elevation 
or dependency 

3 Gangrene hmited to the distal portion 
of a toe in a pulseless foot nith good co] 
lateral arculation (as above) and no acute 
lymphangitis In addition, a palpable pop 
hteal artery pulsation is required together 
with freedom from pain after a tno-week 
period of conservative treatment in the 
hospital 

Indications for Major Amputation. 
1 A painful extremity with or without 
gangrene in which pain persists after three 
weeks of conservative hospital treatment 

2 Gangrene of one or more toes in a 
pulseless foot with acute lymphangitis or 
extensive deep mfectjon which cannot be 
controlled by conservative local measures 

t e hot moist compresses 

3 Gangrene of one or more toes when 
there are no peripheral pulsations below the 
femoral artery and the cotlatecol circulation 
is poor 

Level of Amputation Factors determin 
mg the level of amputation are essentially 
the same as in the diabetic and need not be 
rediscussed We will emphasize the fact that 
the low thigh amputation as described 
above is also the simplest and safest ampu 
tation in this group and the operation of 
choice m the great roajonty of elderly 
artenosclerotics with senile gangrene Also, 
the guillotine amputation is a life-saving 
measure and is indicated in all cases of 
septicemia or high acute infection 

A5IPUTATION IN THROMBO 
ANGIITIS OBLITERANS 

In the differential diagnosis discussed 
abov e we hav e jiointed out the general char 
acterisUcs of t^ombo-angutis obliterans in 


r^pect to Its age madence, its chronic pro- 
gressive course, and its tendencj to involve 
all four extremities 

The disease has two other important 
characteristics which are m contrast to pe 
ripheral artenosclerosis (diabetic and non 
diabetic) and which play an extremely im 
porUnt part in its management These 
are (1) A greater tendency to develop 
collateral circulation, and (2) a much 
greater resistance to infection. The former 
permits more extensive successful minor 
amputations than is po»sible in the arteno* 
sclerotic with a comparable degree of main 
vessel obliteration The latter reduces the 
incidence of rapidly ascending acute infec 
tioo or ‘septicemia which is so characteristi 
cally high in the arteriosclerotic group 
Therefore, m thrombo-angiitis obliterans 
the mdicalions for minor amputation are 
broader and many more extremities can be 
saved, while major amputation, although 
occasionally necessary, need rarely be done 
as a life saving procedure 
The age incidence of the disease is an 
other factor which encourages conservative 
measures and justifies prolonged hospital 
treatment Amputation of toes and dram 
age of the deeper structures of the fool 
should therefore be attempted before con 
sidenng major amputation, except, of 
course, in the occasional cose with hope- 
lessly extensive gangrene or infection 
It IS not within the scope of this article 
to discuss details of treatment other than 
those related to amputation, but mention 
must be made of two operative procedures 
that are of great value in the management 
of thrombo-angiitis obliterans 
Peripheral nerve block as described by 
Smithwick and White® has saved many ex 
tremiUes by relieving pam and permitting 
adequate treatment of local lesions It is 
also of benefit in that vasodilatation is pro- 
duced. in the foot over the distribution of 
the nerve that bas been blocked 
Lumbar ganglionectomy is helpful and 
IS indicated in cases that have an assoaated 
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vasoiDotor spasm In suitable cases it is 
excellent prophylaxis against future gan 
grcne and possible loss of the extremity 

The anesthesia, technic, and postopera 
U\e care of all amputations are as described 
above 

Indications for Minor Amputation It 
IS unnecessary to enumerate specific indica- 
tions m that we have pointed out above 
that, m contrast to the arteriosclerotic 
group, amputation of one or more toes with 
or without more radical local procedures in 
the foot is comparatively safe and often suc- 
cessful in thrombo angutis obliterans 

Indications for Major Amputation 
These are ( 1 ) Acute rapidly ascending in 
fcciion, (2) extensive progressive gangrene 
in spite of the usual conservative measures, 
and (2) gangrene or infection so extensive 
that a useful foot cannot be obtained even 
if healing occurs 

Level of Amputation The Gritti Stokes 
15 the amputation of choice in thrombo 
angutis obliterans and can be done safely 
even m the absence of a popliteal artery 
pulsation 

We believe that the lower leg amputation 
is rarely if ever indicated Arterial de- 
ficiency of the stump is a probability 
because of the progressive nature of the 
disease 


It IS rarely necessary to do a thigh ampu- 
tation in these cases 

The lower leg guillotine amputation may 
be indicated in the occasional rare case with 
high acute infection A secondary, closed, 
hi^er amputation, preferably a Gntti 
Stokes, IS done after the acute infection has 
subsided and when the patient's general 
condition permits 
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Gineplastic Amputations 

Henry H Kessler, M D 


Because of the unsatisfactory experience 
with the ordinary mechanical ann after 
upper-extremity amputations, attention has 
been directed toward the deieloptnent of a 
substitute arm in which the control can be 
achieved by natural muscular action This 
development is marked by the names of 
Vanghetti, Cea, Pellegrini, Pulli, Sauer 
bruch, and Bosch Arana 

JIany methods have been devised for 
utilising individual muscles or muscle 
groups to activate an actifiaal bmb The 
chief forms of these motors were the club 
motor, the bop motor, the tendon tunnel 
motor, and the pseudarthro^is motor of 
Putli These forms of kineplastic surgery 
ore of historical interest only since they are 
rarely used today The muscle tunnel motor 
used by Sauetbiuch and Bosch Arana has 
given such satisfactory results as to warrant 
universal adoption 

In the kineplastic amputation (he muscles 
remaining in the amputated stump are 
utilized to activate the prosthcMS B> means 
of pegs passed through canals created in 
these musclea and attached to levers oper- 
ating the artifiual hand mechanism, tbe 
physiologic action of ilie stump muscles m 
the upper arm, and of the dexors and exlen 
sors of the lower ann, control the grasp and 
release of the fingers of the artificial band 
Thus, the stump retains its real task of 
guiding the hand without tbe addition of 
other problems, such os leverage, as is 
the case in the ordinary mechanical arm 


Though the fingers of the artificial lu. 
have no feeling, natural control is, nevertl 
less, exerted by the muscles in the act 
grasping, thereby permitting a close a 
proximation to natural hand function ' 

OPERATIVE TECHNIC ON 
FOREARM STUMPS 
While the patient is awake the muscl 
groups to be utilized for this operation ar< 
visuabzed by having the patient contrac 
the fleior and extensor muscles of tbe foce 
arm Over these a Sap is then outlined ii 
methylene blue (Fig 301) on the dorsa 
aspect, and one on the volar aspect of tbi 
stump The patient is then given a genera 
anesthetic and the skin mused in the bn< 
of tbe outlined flap The base of the flap li 
placed on the medial aspect of the siumj 
Since the circulation is richer at this point 
Tbe ioa<uoa is carried down to the mus 
cle, forming a three sided flap of skin anc 
subcutaneous tis‘iue Tbe entire operation u 
performed wiUioul a tourniquet in order It 
avoid any interference with the arculatioi 
of the flap 

After bleedmg is controlled, the skm fla| 
IS raised from its underlying bed by bluni 
dissection (Fig SQ2) The sUn is under- 
mined at the base of the flap m order It 
insure a flexible motor The full thicknes: 
of the skin and subcutaneous tissue li 
utilized The flap is then tested for any 
possible restriction 

The skin tube or loop is now prepared by 
tiOS 




flap 




reversing the flap and securing the end of 
the tube so formed with a silk suture (Fig 
505) This IS used for traction as wdl as for 
fixation It IS retained as a buried suture 
indefinitely or may be removed at the dose 
of the operation 



Fig 507 Skin defect covered with a 
Thiersch graft 



Fig SOS {.LcH) Amputatioa just 
above vvnst with volar and dorsal 
□uitors 

Fig 509 (i?ig/d) Case shown m 
Fig SOS, vveariDg prosthesis 


The rest of the lube i» approximated with 
•mbcuticular sutures of fine gut clo'elj 
placed in order to insure perfect apposition 
la this manner wide scars are avoided, per 
mitting friction of the peg, which is to be 
later inserted m the tube, without any 
resultant irritation or ulceration A probe is 
pis&ed through the tube to demonstrate ib 
patenty 

The tube is now retracted and the mu=cle 
prepared for canalization Two parallel in 
asioos are made in the muscle bdly and an 
instrument passed through the mu'cle to 
form a canal within it (Fig 504) 

It IS important to use muscle and not 
tendon for the canal since the latter has no 
contracality Movement of the canal de- 
pends on the alternate shortenmg and 
lengthening of the enclosing musde as it 
contracts and rebxes 

The skin lube is now pasaed through the 
canal in the muscle, the traction suture 
being kept in the mo«t superficial position 
m order to avoid distortion of the tube 
(Fig SOs) The edge of the tube >s now 
sutured to the adjacent skin (Fig 506) 
This leaves a skin defect which mu&t be 
closed In young children, in the upper arm 
m adults, and in those cases where there is 
a redundancj of skin in the amputation 
Slump of the forearm it is possible to dose 
the defect by direct approximation of the 
skin edges More frequently this cannot be 
accomplished without danger of skin necro- 
sis In this event the wound defect is 
covered with a Thiersch graft (Fig 507) 
Zeroform gauze wicks are now inserted in 
the canals The first dressing is done in 
about ten days the pegs are inserted m 
about three weeks, and the stump is ready 
for prosthesis in about six weeks 
Points of Importance The operative 
technic IS qmte simple There are only a 
few points that need emphasis to avoid 
failure It is important to select the proper 
musde or muscle group for canalization It 
IS impossible to tell beforehand just which 
muscles remain after the amputation I\e 
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Fic. 310. {Left) Congenital ampulalioo mib volar motor in a four- 
year-old girl. 

Fig. 511. {Highl) Case shown in Fig. 510, wearing prosthesis. 



Fic. SI2. (Left) Short forearm stump with double motors. (Courtesy, Kessler. 

H.: Surg., Gynec., and Obstet.. 68;5S4-563.) 
tic. 513, (KfgAf) Case shown in Fig. 512, wearing prosthesis. (Courtesy, Kessler, 
tienry H.: Surg., Gynec., and Obstet., 68:554-563.) 



Upper-arm amputation with biceps and triceps motors, (Courtesy, 
H,: Surg., Gynec., and Obstet., 68:554-563.) 

Case shown in Fig. 514, wearing prosthesis. (Courtesy, Kessler, 
"v il-: Surg., Gynec., and Obstet., 68:554-563.) 
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CINEPLASTIC AMPUTATIONS 


depend, therefore, on the dimcal test of 
visualizing the contraction of the muscles to 
be selected m response to the psycho* 
physiologic act of opening and clo«:ing the 
hand at the time of operation The patient 
must, therefore, be aivake and the muscles 


outlined with a skin dye just before the 
operation is undertaken 
The second important step neglect of 
which has been responsible for many fail 
ures lo the past, is to canalize the muscle 
and not the tendon The latter has no con 



Fio 516 Forearm and upper arm amputation with cineplasuc 
prosthesis Re employed in hair felt factory repairing needle board 
(Courtesy, Kessler, Henry H Surg, Gyctc, and Obstel, 68 


SS4 563 ) 



Fig 517 High upper arm amputation 
with cmeplastic prosthesis Flays violin 
as avocation (Courtesy, Kesler, Henry 
H Surg , Gynec , and Ohstet , 68 554 
563 ) 


tractility The activation of the artidaal 
hand mechanism depends on the movement 
of the peg which passes through the tube 
The movement vanes from to inch, 
and 15 due to the alternate shortening and 
lengthening when the muscle contracts or 
relaxes 

THE PROSTHESIS 

It IS not difficult to manufacture the 
kmeplastic arm ll is important that the 
weight of the apparatus be kept to a mini 
mum Furthermore, the mechanism should 
be as simple as possible The more com 
plicated the prosthesis, the less useful the 
arm Theoretical advantages should be sac 
rificed for practical utility For eraniple, 
there is no need for incorporating a rotation 
mechanism at the WTist m forearm cases 
since pronation and supination of the slump 
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are still retained Honever, in upper arm 
amputation this rotation mediamsm is «3f 
dstinct \alue 

Tie arm can be designed for heavy as 
aell as light duty, depending on the mdica 
non of |he speafic case In the forearm 
amputation, no straps or apparatus are re 
qmred abo\ e the elbow In the upper arm 
amputation a strap to the opposite shoulder 
IS necessary to secure flexion of the elbow 

RESULTS 

The results of this kineplastic amputation 
m a personal senes of 96 cases are dis 
Unctly encouraging Of this group 61 may 
be classified as highly successful (Figs 508 



Fig sis High double arm amputa 
tioa following railroad accident Prac 
tically no stump remaining in right arm 
Biceps and triceps muscles canalired in 
left arm and fixation canal prepared 
in ngbt shoulder stump {Courtesy 
Kessler Henry H Surg Gynec and 
Obstet 68 SS4 563 ) 



Fig 519 {Lcjt) Front %ncw with prosthesis showing peg through 
biceps canal Hand mechanism on left arm activated by biceps and 
inceps motors On right arm, elbow and hand mechanism is activated 
by cross straps on shouldem (Courtesy Kcssler, Henry H Surg 
G>ncc and Obstet 68 554-563) 

Fig 520 {Rtghi) Showing paUent fully dressed (Courtesy 
Kessler, Henry H Surg , Gynec , and Obstet , 68 5S4 563 ) 
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520) These indmduals are consislenU> 
using the prosthesis at work and in the 
routine pursuits of life over a period of from 
two to eight >ears Of the remaining 35, 
20 enjoy partial utility of their prosthesis 
Unusual work requirements may render it 
impractical to vrear the arm at work as in 
the case of one worker m a chemical plant 
who must immerse both arms in a solution 
as part of his work operation 
Of the 15 that can be classified as failures, 
five have been due to surgical complications 
Infection of the skin canal, necrosis due to 
previous x ray dermatitis, improper place 
ment of canals, too short a stump for uuli 
zation or leverage of muscle motors, and 
improper fit of the prosthesis account for 
these failures The remainder found it diffi 
cult to adjust themselves because of per 
sonality factors 
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technical division, 1213 

treatment pnor to admission to first hospital, 
1227 

Arsme gas, 1250 

Arteriosclerosis, with gangrene, 556, 5o9 
rvondiabcuc, amputation with, £03, 604 

Arthnbs, 417-479 
See also specific joints, fractures of 
acute pyogenic, 417. 418 
of ankle, with sprains, 1161 
chronic pyogeme, 419 
degenerative, 421, 422 
foreign-body vnth, 422 
hemophilic, 422 
hypertropfu^ of spine, 1145 
neurotrophic, 423 
pyogenic, of hip, 433 



INDEX 


HI 


Artlintis--(CoHliMii<J) 
ffieumtoiif, 420, 421 
itpuc, 432, 433 
sprains with, 1143 
subacute pyogenic, 418, 419 
traumatic, 133, 422 
Arthrodesis, of ankle, 403, 476 477 
for anhntis, degenerative, 422 
pyogenic, chronic, 429 
rheumatoid, 421 
of carpal scaphoid, 952 
of elbow, 439 

of epiphyses, slipping of, 509 
of foot, 223 

of hip, 219 221.454,454 4S7 
of knee, 227, 470, 471 

m polioni>elitis, chronic, foot with clawfoot, 210 
214, 219.221.227.233 
of shoulder, 210. 434. 437, 438 
subastragalar, 235, 240 

subtalar, of foot, unstable with poliomyelitis, 235, 
240 

triple, 235. 240 
of foot, 477 

m tuberculosis, of ankle, 403, 404 
«f elbow, 420-422 
oEtoint, sacro iliac 3S2 
of knee. 396. 397. 393. 399 
of*hou2der,407,407.408 
of wrist, 414,414,415 
in tuberculous coxitis, 389 
of wrist, 214, 446,447 

Anbrogryposis multiplex congenita, 72, 73, 74, 75 
Arthroplasty, in arthmis, 419, 422 
of elbow, 440, 441, 44J. 442, 912 
of epiphyses, slipping of, late stage m 510 
of finger, 449 

of hip, 453, 459, 459. 460, 461 
of joints, metacarpophalangeal, 448 
of knee. 471, 473 
of shoulder, 437 
ArUirolomy, of ankfe, 435 
of dbow, 434, 912 
of hemangioma, of joint, 357 
of lap, 434 
of joints, 434 
of knee, 435 
of shoulder, 434 

Aslihurst tccliu^ humerus, for supracondyfar frac- 
tures of, 862 
Aspiration, of ankle, 425 
of elbow, 424, 881 
of hip, 424 
of joint, 423 
of knee. 425, 1029, 1054 
of shoulder. 424 
of wnst, 424 

Astragaicctomy, with poliomyelitis, of foot, 237 

Astraga lus. 1114, Ills 

Ataxia, in para!) sis, 267 

Athetosis, in paralysis, 266 

Atrophy, Sudeck's, 686, 1161 

Avcrtin, mandible, fractures of. 718 


Badlh, gram negative penicillin for, 673 
BdoJtas prcdigicsus toxin, for 2jonc aidoUidioma, 
350 

welchti, in amputation, with gas infection, 554, 
555 

Back, affections of, 276 332 
bursae of, affections of, 276-332 
fasciae of, affections of, Z76-S32 
specific, 307-316 
hbrositis of, 307 

ganglia of, affections of, 276-332 
hunchback of, 372, 375 
lower, pain of, 277-306 
mttsi^es of, affections of, 276-322, 307-316 
myofascitis of, 307 
myofibrosiUs of, myositis of, 307 
myositis of, 307, 303 
os$i6cans of, 309 
round, adolescent, 511 
tendons of, affections of 276 332 
speaRc, ^7 316 

Bactenemia, in amputation, major, tn diabetes 574 
in diabetes, m amputation major, 574 
osteomyelitis, 480, 485-4S8 
Bacteriophage, for bactenemia, in osteomyelitis, 
biologies i;^ 488 
Baer manipulation 277 306 
Baker's cyst, 330, 331,473 
BAL ointmeot, 1248 
Balkan frame, 597, 803 
Bandages for fractures of mandible, 718, 719 
plaster Sc^al/o Casts plaster 
(or clubfoot, 86-88 
for foot, 86 90 
for tup, 107 

Bands See oho Constrictions, Contractures 
of extremity, lower, congenital, 39 
fasaat, of clavicle with dislocations, 830 
of leg, congenital 46 

Bankart technic scapula, with recurrent disloca- 
tions, 843 842 

Bars, s»ngJe-arch, for mandible fractures, 722, 725 
Barton bandage, for mandible fractures, 718, 719 
' Baseball ' fractures, 978 
Beekman, Fenwick, 480-498 
Belt table, for fractures, 626 
Bendixea clamp, 642 
Bennett fracture, 967, 968 
technic; for tendon, quadriceps, Jcnglhcmng of, 
464. 465, 466 
Berger masion, 534 
Biceps tendon, 846 
Bickham loosjojv 8S0 
Bifurcation, m osteotomy, 452 
Bilbngton operation, 214 
Biologies, for bactenemia, 4S3 
m fracVuTcs. 692 
for ostcomy eliUs, 488 

Biopsy, aspiration, of sarcoma, osteogenic, 341 
of endothcUoma, bone, 349 
of myeloma, plasma-cell, 350 
surgical, of sarcoma osteogenic, 342 
BIPF gaiue, 671 


IV 


INDEX 


Birth fractures. See speaiic bones, fractures of, 
birth 

injuries, 1189*1209 
niaVe sphnt. 3SS. 3S9. 657, 658, 659 
Blastcrm) costs, bone, 503 
Blebs, in elbow and humerus, 883 
Block, bone, 237. 240. 456, All, 464 
nene. 5‘re Nerve block 
Blood. .Scf also Plasma 
gravity, specific, 663 
level, with sulfonamides, 674 
transfusion for, injuries, military, 1228, 1245 
Blood-vessels, puncture of, 813 
of ankle, 1236 
of elbow, 874 
of femur, 1002 
Blount, 452 

Blount Moore apparatus, femur, for fractures of, 
993 

Bodies foreign Roentgen ray and, 1251*1253 
mtra articular, in sprains, 1136 
Bohler stirrup for femur fractures, 1030 
technic for fibula fractures, 1086 
for racUcarpal fractures, 969, 97/ 
for os calas fractures, 1125 
for radius head fractures, 907 
for sprains 1134 
for Ubia, shaft fractures, 108S 
Bohler Braun splint, for fibula and tibia shaft frac- 
tures 1066 

Bone, actinomycosis of, 503 
alignmait of, in fractures, compound, 691 
atrophy of, in sprains, 1144 
blastomycosis of, £03 
bnttle.43. 47,50.501 
cyst, 335-359,499 
Roentgen ray ui, 340 
UcatmcDt of, surgical, 339, 340 
diseases of, 365 515 
oiiscellaneous, 499 504 
echinococcus in, 503 
facial, 697-702 
in granuloma, 503 
infections of, miscellaneous, 499-504 
malar, 699*702, 70/, 743, 745 
■aVKJJasrj . ^ m , TS«. m, 

745 

nasal, 697, 698, 698 
necrosis ol, aseptic, 1136 
pegs, autogenous, 990 
pubic, 800, 801, 802 , 803 
Sarcoma Registry, 3o0 351 
semilunar, 447, 953*955, 958, 9S9, 960 
m syphibs, 502 
m tuberculosis, 367-416 
tumors of, 335^9 
Bone-block, for foot, 237 , 240 
for hip, 456, 457 
for pa^Ia, 464 
for poliomyxlitis, 237, 240 
Bone-graft, in fibula, 58, 60 
in iorearm, 941 
m fractures, 677 


Bone graft— (Con/inurd) 
m low hack pam, 296 
in Pott's disease, 376, 377 
ttdmics for, 678 
in tuberculosis of ankle, 401 
of elbow, 410 
of wrist, •#W.415 
Bosworth appliance, for leg, 241 
Bostan techme. for femur neck, 990 
Bowleg, 124-127, 468. 469 
Boyd teebme, for amputation of foot, 536 
tor fractures. 680 
Boyer clamp, 642 
Brace(s), 517*557 

ambulatory, for os calas fractures, 1124 
IQ Pott's di^ase, 374 
for davicle. 822. 825 
corrective, for genu valgum. 122, 125 
for elbow, flail, 409 
in low back pain, 286 
for poliomyeliUs paralysis, 205 
(or ipine. 1144 , 1145 
Taylor spinal for Pott's disease, 375 
for tibu fractures 6S 

in tubereulosjs, with dbow excision, 411 , 412 
of sacro iliac joint, 3S6 
in tuberculous coxitis, 389 
watking-caliper, for tuberculosis of knee, a95, 397 
for tuberculous coxitis, 3SS, 389 
Brachial plexus, 646. 847, 848 
Bradford frame, for fractures, 6J7 
in Potts disease, 373 
in tuberculosis of knee, S9S, 397 
in tuberculous coxius, SSS, 389 
Brandes metliod, for genu \-arum, 126 
Braun frame, for fractures, 621 , 1010 
Brewster, A. H.. 10M18 
Brighton, George R, &97-702 
Bnstow coil, 683 

Brodie's abscess, in osteoraycLtis, 492 
DrojAy needle, in mandible fractures, 731 
Boant technic, for fractures, 637, 1007 
Buck’s extension for fractures, 803. 806 
Bunion, bursitis, 329. 330 
of great toe, 127, 12S, /29,ii0, 131, 122,151 
'ahui s, 'iia 

Bunnell operation, for poliomyelitis paralysis, 217 
techmc, for ganglion, of joint, 354 
for teodoos, 1169 , 1170 
Bum^ u injuries, military, 1237 
treatment of, 615, 616 

Bursa, shoulder, wall of, excision of, 436. 437 
subdeltoid, injection of novocain in, 435 
irngation ol, 436 
Bursae, affections of, 317 332 
back, affections of, 276*332 
Bursitis, 320, 329 
acut^ subddtoid, 320 
Roentgen ray in, 322, 323 
with bunion, 329, 330 
bursibs, popliteal, 330, 331 
calcaneal, 327-329 

chrome, subdeltoid, 323, 324, 325, 326 
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Bursitis— 

with clubfoot 330 .i 

with gout, 329 

\\ith hallux valgus, w 

ihopeclineal, 331 , 

\;ilh infection, remote, iU 
infectious, 326 
iscliioglutcal, 331 
of knee, 330 
of olecranon, 331, 332 
pjogcnic, 326, 327 
radiohumcraf. 332 
retrocalcaneal, 329 
shoes for, 330 
subdeltoid, 320 
in syphilis, 327 

treatment of, nonsurgical, 32U 
trochanteric, 331 
in tuberculosis, 327 

Calcaneal spurs, 478 

Calcaneus, apophysitis of, epiphjses amt, au 
Caldwell, Guy A , 317-332 

imHs. lor° S, and 

Itchmt, tot homtnu shall Itacturcs. 860 
Caldwell-Lue tcchiuc. for malar bone fractures. 7 
Callander technic, for ampuUiion. of femur. 
S39, S44. S4S 

in diabetes, 591, 

Calot jacket, m Pott’s disease 374 

Calv6-Perihes disease, SIO, 113^ 

Cameron light, for giant celt bone tumor, 337 
Campbell fusion for low back panv 30- 
scmilunar cartilage cyst, 356 
technic, for ankle, 1095, 1099 
osteotomy of, 476 
for arthroplasty of elbow. 440 
of hip. 453.459. 460 
of knee, 471, 473 
for elbow, arthroplasty of, 44U 
dislocauons, 912 
with poliomyelitis paralysis,-ii 
for hip, ankylosis of, 4Sl 
arthroplasty of. 4SS, ^59 4OT 
for knee, arthroplasty of, 471, 473- 
cenu rcciirvalum of, 224 
ligaments, 1064, 1070, 1074 
menisci of, 1057 
for osteotomy, of ankle, 4/6 
for jatella dislocations. 1048 
fractures, 1043 

for poliomyelitis paralysis of elbow, 2U 
of knee, 224 

m tuberculosis of ankle. 403 

of sacro-iliac joint, 3S2 

C.P.U1C Srt Carput mS"™ >■»"' »" ,, 

Oputllum. tpiplil»> 

Wilson. 283 
for fingers. 443 

Capsulotomy. posterior, 466 

Carcinoma (bone), meustalic. 352, 35J 


Carothers, Ralph G . 1079 1053 
techme. for fibula and tibia, 1088, 1089 
Carpus See also Wnst 
cuneiform bone of 955 
dislontions of, 944, 957 
fractures of, 944 965 
midcarpal joint of. 961, 962 
os magnum bone of, 956, 963 

954, 955,959, 960 
trapeuum bone 5^6' 5®^ 

Kupnzoid bone of 958. 9«. W 

CaTcuIehnie (or compound hoctores 671 
for knee, 1063, 1072 
Cartibgc exostoses of multiple bi 
of knee, 464, 473 474 f ono 818 
Cartilages, costal, fractures of 809 818 
§?, plaster See also Bandages plaster 
in arthritis, 418, 420 

m clubfoot. 77 « f4.8S 

for spine, 7744, 1145 
in tuberculosis, of ankle 405 
of eltxiw. 409 

Cave Si tor knc' 
““SbSr,Cr“,a. .243 

Chandlcrlnsjon m 1.» back pam 300 

Charcot joint, 423 1137, 

SSrnP.'. «2.”L .140 4"'““"“ ” 

Penicillin Sulfanilamide, etc 
m amputation 555 
in anhrilis, 417 418 
in Bacillus wclchii, 555 
,n bactenemta and osleomyelms 487 
for fractures, 672, 692 

msonococcus in arthritis 418 

in injunes, military. 1229 
m mandible fractures of, 736 

in osteomyelitis 434.487 

for staphylococcus, m arthritis 1 , 

Oiest contusions of 80» 

^ip fractures See spcafic joints 

Chlorine gas 1249 

ChlorpiCTin gas. 1249 ,, 

OiondTodysplaMa. deforming 51 a- 
familial deforming, 336 
Chondrodyslrophia 

awndrodystrophy, o9, 41, ■#/ 

Oiondroina. J46 
of bone, 336 
multiple. 3S4 
with osteoma. 336 
of tendon, 363 

Chondromatosis, 354 
Chondromy xosarcoma. 336 

Chondro-ostcody$irophy.4l 

aiondrosarcoma, of humerus, 
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Chopart technic^ for amputation of foo^ 53^ 

553 

Chuck, Jacobs SSO 
CtncplisUc amputations, 606^12 
Oamps, bone, €42 
Clavicle, dislocations of, 
fractures of 821, 822. 82S. 827, 827 
birth, J19J, 1194, 1195 
ligaments of, rhomboid 828 
outer, dislocation of, 828, 829 
sternal end, IS, 16 
aawtoe. 135-137 , 226 
Qennant technic, for scapula, disloeabons of, 841 
Geveland, blather, 201 2^ 

Clostridia, 87 S 
Clostndium infection 67S 
perfnngens, 554, 555 
aubfoot, 33, 45. 72, 73. 74, 75, 239 
associated with forefoot deformity, 76, 83, 84, 85, 
86, 87 , 92 

toes, absence of, 96, 93 , 99 
with bursitis, 330 

congemtal <59,76.81,^-84.82,85.87 
operation for, 77 
recurrent, 92, 93 
treatment of. 32 , 33 77, 78, 86-83 
Cocaine, for nasal bones, fractures of, 698 
Coccidioidal granuloma, 503 
Coecy^e, fractures of, 798 808, 800 , 801 
Cochrane technic, in humerus, fractures of, 892 
Codeine, for fractures, treatment of, 660 
Codman critena for scapula 844 
technic, for bursitis, 326 

Cofield manipulation, 291 (.Stt Low back pain, 
nonsuTgical treatinent of, manipulation in) 
Coley, Bra^ey L>, 335 359 
Cole/f toxins, for bone endothelioma, 350 
for myeloma, 3SI 

Collar, plaster, for spine cervical fractures of, 764 
Coties’ fracture 640, €43. 916-9J8. 1181 
Colonna, Paul C. 517-557 
reduction, for hip dislocation 116, il7 
Committee on Fractures. American College of Sur- 
geons, 649 
Compere ^ble, €27 

Complications acute pleuropnlmonary, of rib frac 
tures with shock 815 
Compound fractures 664. 669 693 
Condyle (s) 5fe speafic bones 
Constriction. See aho Contracture 
congenital of extremity, lower, 38 44,45 
upper, 38 

congenital, of leg 45 
of toes 45 

Contracture See aJso Constriction 
congenital, of fingers, 46 
of hips. 46 
of knees, 46 
of shoulder girdle, 46 
of toes. 96 , 97 
flexion, m amputation, 555 
of femur, 4^ 

in paralysis, obstetnc, 270-272 
of toe, 135-137 , 136 


Contusion, of muscles, 1167, 1168 
Conisell teclimi^ 393. 399. 1021 
Cornua, semilunar, 953-955, 958, 959 , 960 
Cbroooitf process, 904, 905 
Cotton's classification, of ankle, fractures of, 1103 
technic, for ankle fractures 1102 
for knee, ligaments of, 1063 
for os calcis fractures, 1118, 1119. 1120, 1122 
for scapula, biceps tendon of, 846 
Coxa anteverta, ^9, 510 
Sara, 29. 51, 53 
adoleKcnt, 509, 510 
Craniocerebral iniunes, 1230 
Crego operation, for knee, 225 , 226 
Crossman, Lyman Weeks, Allen and Frederick M., 
566. 567 

Crutchfield tongs, for spme, cervical fractures of, 
761 

Cubbins technic, for acetabulum, fracture of, 806, 
99S 

for femur head, dislocation of. 995 
for knee, crucial ligaments of. 1058, 1069 
(or scapula, dislocations of 839 
Cuff, musculotendinous, 1172-1178, 1180, llSI 
Cuneifonn bone, carpus 9SS 
Curtis iecbnie, for malar bone, fractures of, 701, 
702, 724 

Cyano^ chloride 1250 

Cyclopropane, for anesthesia, in amputations, 524 

Cysk bone, 339, 340 

cartilage, of knee, treatment of, surgical, 474 
semilunar, 355, 356 
of knee, mth external cartilage, 474 

Dakin’s solution, for bone cyst, 340 
for fractures, 671 
for giant cell bone tumor, 337 
“Dancmg" fracture, 1I2S. 1126-1128, U36, 1161 
Damch, William, 689-693 
elevator, 642 

and forearm fractures, 925 
imgalion, 320 
and synonoma, 357 
Davis, Arthur G„ 749 797 
incision, for ankle, 429, 431 
Dcbndemoit, of injuries military, 1229 
of patella fractures, 1042 
Decancellation operation, for clubfoot, 77 
Deformities, 1 

in arthntis, rheumatoid, 420 
Delageniere graft, for low-back pain, 296 
Denuce method for hip, congemtal dislocation of. 

112 . 115 
DeSanto. 355 

Diabetes, with amputations, 558-605 
femur, 588, 590, 591 , 592 595 . 599 
gv»\\o\ine. of lower extremity, S78, 579. K8 
of lower lea 580. 582. 583. 584, 536, 597 . 593 
major, 574 
anesthesu for, 565 
bacteriemia in 574 
draping for, 576 577 
gangrene ui, 575 
infections in, 574, 600 
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Diabetes— 

major-(Conli''“«) 
lymphangitis in. 5/5 
mobiliMUon m, 601 
pain with, 57S 
postoperalis e care of, W 
preoperative care of. 564, 575 
prothescs for, 602, 603 
secondary conditions m, 001 
stump of, 600, 601 
technic in, 576 
rocUtarsal, of toe, 570. 572 
minor, anesthesia in, 5M 
postoperauve care of, W/ 
preoperauve care of, 564 
stump of, postoperative care of, Sy/ 
of toe. 5^, 569. 370, 57i 

luth extremity, lower 3«. 

with femur, amputation of, 588, 590, 591, 

with lowL leg. amputation of. 580. 5S3. 583. SS4. 
5S6 


melhtus Sr# Diabetes 

wiUi toe, amputation of. 563 570, 5/0 5/J, 572 
Diathermy, of back, myositis, 308 
of bursitis, 326 
for fractures, 682 
Dickson, Trank D . 367»4l6 
modification, for tuberculosis, of knee. 39S. 399 
operation, for abdomen, 250 
for pohomjelitii. of abdomen, 250 

paralysis, with hip 221,222 
Digitalis, for muscles, injuries to. 1166 
for tendons, injuries to, 1166 
Digiti qumti varus, 132 
Digits, 5 

Disarticulation 5rf Amputation 

Disease, chrome obliterative arterial, 550, 55». say, 
SM (See alio Amputation in diabetes) 
with amputations, 558, 564 
sascular, with amputations, 558-605 
• Disk lesion,” of low-hack strain, 1146 
Dislocations See alio Fractures, 614-703 
of face, 695-745 
of spine, 749-797 
of trunk, 747-818 
Dissection, popliteal, of knee, 466 
Dorsal wedge teclimc, for loot, 477 
Drainage, of abscess, 429 , 430 
in amputation, 564 
of anUe, 429. 431 
of dhow, 427 
in epiph)sitis, 513 
in extremity, lower, 428, 429 

upper, 425 
of finger, 426 
of hip, 428, 429, 430 
of jomt(s). 425. 426, 423, 429, 431. 432 
of knee. 429, 431 
of shoulder. 425 , 426 
of wrist, 426,427 

Dressing, pressure, for fractures, 670 
Dnll, Lovejoy, 650 
Drop finger, I1S2 , 1183 


DmlOT I"' hunims, fraewro "f. 

Dysostosis, cleidocranial, 15, It) 

Ecchymosis. with femur, 1005 

amputation of, 532 

anatomy of, 869, 878 

is,; aic Tubarate., of 

440-442, « of.o Tube, 
culosis of elbow) 
ar*rotomo{,434 
aspiration of, 424, 881 
blebs in, 883, 884 

bodies in. 434 

bursiOs of. 331, ooi 

«"• 

in elbow) 
backward, 909-911 
divergent 
forward, 914-916 
humerus in, 577,878 
treacnent of. 5^'.. 
unreduced, 911-913 
drainage of. 427 j 1151 

epicondylar. marginal f^cture of, 1151 

^.physes of. carulagmous 1203-1205 

extension of, ankylosis m, 443 
fibrosis of, 443 
flail, brace vn, 409 

’.f 8b9 522 

lo, and specific bones ui elbow) 
compound, 876 

epicondylar, marginal, list 

reduction of, 878 
‘side-swipe,” 894, 895 
treatment of, 870, 874 

hemarthrosis of, 881 ..„„jvlar 890 893 

humerus, in fractures 861 862, 877. 

fractures of. supracondylar, 620. »oi. ou4. 

878 889, 915 

lateral, condyle of, 893. 895 
iramobiluation of, humerus in, 880 
injuries to, 876 
ischemia m, 888 

ligament, injuries of, 1143 , 1151 
myositis ossificans in, 887 
osteochondritis dissecans of, 113S 
poliomydiUs paralysis of, 211 
radius m, dislocation of, 869-922 
roentgenographs of, 870, 872, 873 
spastic paralysis of, 264 
sprain(s) of. 875, 890, 1150, 1151 
“tennis elbow” of, 332 
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Elbow — (Continued) 
treatment of, surgical, -139 
tuberculosis of, 408-412. 411 
ulna m, dislocation of, 969 972 
Elesators, 642 
Ely test, 28Q 
Enchondronia, 346 
Endothelioma, bone, 349-3S1 
Amencan College of Surgeons, Bone Sarcoma 
Registry of, 350 
ainputatjon of, 350 
biopsy of 349 

constitutional treatment of, 350 
Roentgen ray in, 349 
Epicondylalgia, 332 
Epicondyles, of humerus, 862 
Epicondylitis, 332 

Epiphyses, acute slippuig of, 506, 507 
affections of, 50S 514 
m bade, round, adolescent, 511 
in calcaneus, apophysitis of, 512 
cartilaginous, birth separation of, 1201 
of femur, birth separation of, treatment of, 
1207 

chronic slipping of, 508 
of femur, lower end of, separation of, 103S 
in Freiberg's disease, 513 
of humerus, lower, fractures of, 862 
separation of. 833, 889 
IB Kbhler's disease, 512 
late slipping of, 509 
in Legg Calve*Perihes disease, 510 
in Osgood Schlatter disease. 511, 512 
slipping pf, 505, 506 
Epiphysiolysis, SOS, 506 
Epiphysitis, 513 
Erb's birth palsy, 267-272 
Erysipelas toxio, for endothelioma, 3S0 
Etbyl chloride, for sprains 1140 
Etbyldichlorarsine gas, 1247, 1248 
Eucuput dihydrochlonde, 1139, 1141, 1142, 1145 
for sprains, 1139 
Ewing’s sarcoma, 349-351 
of humerus, SS4 

Exercise, corrective, for genu valgum 122 
Exercises, in fractures, 622 
for humerus, 856, 886 
for musdes, injuries to, 1166 
pendulum, for humerus, 832, 832 
for tendons, injuries to, 1166 
Exostosis, 336 
of cartilage, multiple, 51, 52 
treatment of, surgical 336 
Extensor longus pollicis, 1181 
bone mjunes of, military, 1232 
injuries to. military, 1232 
joint injuries of, military, 1232 
refngeration anesthesia for, 566 
Extremities. See also Extremity, low cr , Extremity 
upper 

m amputation, major, in diabetes, 597 
minor, m diabetes, 564, 565 
anesthesia for, reCngeratioo, 566 


Extremity, loner, amputation in, 43, 521, 535, 539, 
578, 579 See oho Extremities and specific 
sccUons as femur, tibia, etc 
anomaly of, SIS 
atrophy of. 24, 27, 28 
bands of, 39 

constriction of, 33, 44, 45 
deformities of. acQuired, 119 145 
congenital, TJ-lOO 
h> petlrophic, 23, 24 
hypoplastic 24 
static, 119 145 

with diabetes m amputation, 57S, 579 
dislocations of, 9St-ll29 
fractures of, 981'1129 
emergency treatment of, 658, 6SS 
redu^on of 633, 63S 
function of, 20S 
hypertrophy of, 23, 24 
hjrpopfasia of 24 
injuries to military, 1234 
joints of, congenital contraclures of, 39 
drainage of 428, 429 
in poliomyelitis, 203, 217 
protlieses for, permanent, 553 
referred pain of, 1146 

upper See also Lxtrcnutics and specific sections 
as shoulder, wnst etc 
amputation of, SI 526 529 
anomalies of, congenital, 3-16 
constnction of congcniul, 38 
dislocations of, 820 980 
cxiremity, upper, fracture of, reduction of, 634 
fractures of 620 980 
emergency treatment of, 658, 6S9, 661 
function of, 208 

injuries to, military, 1233, 1233 
joints of. congenital contractures of, 39 
incisions for ilramage of 425 
n usdes of, absence of 17 
tn poliomyelitis. 2C^ 210 
proUicses for, 552, 553 
Ej^es. injuries to, from mustard gas 1246 

Face^ dislocations ui, 695-745 
fractures in, 695-745 
Facial bones, fractures of, 697 702 
Fasciae, of bade, affections of. 236-332 
sn low back pain, 291 
speatic, 307 316 
tumors of, 360^64 

Fasaotomy of hip, extra articular ankylosis of, 449, 
450,451 

Fouur. absence of congenital, 23 29 
ampuution in, 536, 5o8 539, 544, 545 547 
arrestof growth of, 244,248 248,249 
atrophy <d, congenital, 38, 32, 46 
birth fractures of, 1197, 1198, 1I$S, 1199, 1202 
condyle 0^ fractures of, 1034-1036 
contracture of, flexion, 467 
defonmties of, congenital. 28 
dislocation from, of tibia, reduction of, 1049 
end of, upper fractures of, 983 999 
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Femur— (Ceniinued) 

cpiih)-scs of, cartilaginous, birth separation of, 
120 ? 

lower, separation of, 1033 
fracture of, 618 
head, dislocation of, 994, 995 
fractures of, 994 

neck, fracJUres of, 983-985, 988, 989. 990, 990 
prothesis tor, 5S4 
shaft of, anatomy of, 1001 
btood vessels of 1002 

fractures of, childliood reduction of, 1007, 

1008 , lots 

compound, 1026 
displacement m 1003 1006 
muscles of, 1001 
ncncs of, 1003 
shaft fractures of, 1000-1027 
adult, reduction of, ambulatory, 1022 
emergency, 1008, 1008, 1009 
permanent, 1010 

reduction uith plaster fixation 1020, 1021 
reduction of, surgical, 1023-1025 
traction for. 1010-1012. 1014-1018 
supracondylar fractures of 1023 
reduction of, after care m, 1036 
Iilaster hxstion hr, 1023-1030 
surgical, 1033 

traction suspension for, 1032 
torsion of, in poUomyclitis 228 
troeliantcnc fractures of, 991 
external, 991 
internal, 993 

sliaft involved tn 994,997 
Terguson and Howorth technic, for epiphyses tn 
legg Calve Perthes disease, 510 
Tibroma of fascia 362 
of joints, 356 
of tendon, 363 

I ibrosarcoma, of fasaa, 362 
of joints, 3SS 
of muscles, 361 
h ibrosis, of elbow, 443 
ribrositis See under speaficbody section 
Pibula, absence of, congcnitat, 28, 29, 30, 32 35, 36, 
43 

anatomy of, 1080.1081 
arrest of growth of, 244 
deformity of, congenital 28, 33 S4 42 
JU genu valgum and genu varum, 469 
osteotomy of, for genu valgum and genu vartim 
469 

pscudarihrosis of, congenital, 55, 57, 58, 60, 62, 
64 

shaft fractures of, 1079-1093 
diagnosis of, 1079 
reduction of 1079. 1086 
internal. 1089, 1092. 1092, 1093 
plaster jacket m, 1079, 1082, 2090 
Uima paste boot in, 1083, 2090 
traction for, Caldwell pm lugs in, 1088 
llaster, 1085, 1091 
single pm. 1084. 1085. 1086 
I'liomas splint tor, 1088 


Fibula— (CoKlinurd) 
shaft fractures of — (Cmiliimrd) 
traction in muJliple pm, 1087, 1088, 1089 
varieties of, 1079 

with tibia in genu valgum and genu varum, 469 
nnger(5) 5re n/so Thumb 
absetiM of, 8-10, 32, 42 
amputation of, 527, S27, 528, 530 
arthroplasty of, 449 
contracture of, 7, 8, 46 
distal phalanges of, 2182, 1183 
hypermobility of, 7 

joints of incisions for drainage of 426 
metacarpophalangeal joint of, amputation in, 531 
soappmg treatment of, surgical, 448 
sprains of, treatment of, 1155 
stiffness of 448 
supernumerary, removal of, 5 
tenosynovitis of, 312 
treatment of, surgical, 448 
trigger, 448 
webbed 3,4 6, 32, 45 
riiuiink 1253 

Fischer operation for knee, 225, 226 
tcchnic, for (oice, 1055, 1062 
Flap tcclmic, m amputation, 522 
riatfoot, 63 

congenital, 65. 66, 63, 6S, 69 
rigid, 142 W 
stabilization of, 30 
treatment of, 37 

Flexion contracture, of femur, 467 
deformity, of wrist, 445 
of elbow, hxed, 443 
oflHp.449,4S[> 

Fluids, hr gangrene, arteriosclerotic diabetic, 561 
1 Iiioroscopy, biplane, for foreign bodtis, 1252 
Foot See atso Hatfoot 
absence of, congenital 43 
amputation of. 520. 535, 536, S37, 540, 552, 553 
anatomy of, 1114 
arthrodesis of, triple, 477 
astragalus of, fractures of, 1114, 1125 
bursitis of, 327-329 
evvus deformity of, 229 231, 230 
dawfoot of, 229 

in potioniycUtis, 228, 229, 231-234 
coiigcniUl deformities of, 63 
cuboid of. fractures of, lll7 
cuiicifonn bone of, fractures of. 1128 
defonmlf of (congenital), cqumus, 76, SI, 90 
congciiual mvcTsion, 76, SI, 89. 92, 93 
cquiuQvarUs. 32, 236 
cquinus, 40 
‘ rocker lioitom, • 90 
valgus, 237, 238 
m spastic paralj «i*, 255, 257 
varus, 235, 236 
in spastic parufynj, 2SS. 2S7 
fractures of, 1094-1129 
dip of, 1161 
ipccific, 1113 
hollow, 736, 1 18 
bXpe/lrofJiy of, congenital, 
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El bo w— { Co H f m ) 

treatoicnt of, surgical, 4J9 
tuberculosis of, 408-412, 411 
ulna m, dislocation of, 969-972 
Elev'ators, 642 
Ely test, 2S0 
Enchondroma. 346 
Endothelioma, bone, 249-351 
AmencaQ College of SuTgeons, Bone SaroHDoa 
Registry of, 350 
amputation of, 350 
biopsy of, 349 

constitutional treatment of, 350 
Roentgen-ray in, 349 
EpicondyUlgia, 332 
Epicondyles, of humerus, 862 
Epicondylitis, 332 

Epiphyses, acute slipping of, 50d, 507 
a&ecUons of, S0S-S14 
in back, round, adolescent, SIX 
in caXcancus, apophysitis of, SX2 
cartilaginous, birth separabon ol, 1201 
ol femur, biith separation of, treatment of, 
1207 

chronic slipping of, 503 
q( femur, lovier end of, separation of, 1028 
in Freiberg's disease, 512 
ol butnenjs, lower, fractures ol, 862 
separation of, 823. 889 
in i^hler's disease, 512 
late slipping of, 509 
in Legg Calve-Perthes disease, 510 
in Osgood Schlatter disease, 511, 512 
slipping of, 505, SM 
Epiphysiolysis, 505, 506 
Epiphysitis. 513 
Etb's birth palsy, 267*272 
Erysipelas toxin, for endothelioma, 350 
Etbyl dilonde, for sprains. 1140 
Elhyldichlorarsine gas, 1247, 1248 
Eucupin dihydrochloride, 1139, 1141, 1142, 1145 
for sprains, 1139 
Ewing’s sarconia, 349-351 
of humerus, 534 

Exercise, corTCctivc, for genu valgum, 122 
Exercises, in fractures, 622 
for humerus. 856, 886 
(or muscles, injuries to, 1X66 
pendulum, for humerus 832, 832 
for tendons, injunes to, 1166 
Exostosis. 336 
of cartilage, multiple, 51, 52 
treatment of, surgical, 336 
Extensor longus poIUcis, 1181 
bone injuries of. military, 1232 
injunes to, military, 1232 
)omt injuries of, military, 1232 
refrigeration anesthesia for, 566 
Extremities- Ste alto Extremity, lower. Extremity 
upper 

10 amputation, major, m diabetes, 597 
minor, in diabetes, 564, 565 
anesthesia for, refngcration, 566 


Extremity, lower, amputation in, 43, 521, 535, 539 
578 579 See also Extremities and spccitic 
sections as femur, bbia, etc. 
anomaly of SIS 
atrophy of, 24, 27, 28 
ban^ of, 39 

constnebon of, 38, 44, 4S 
deformities of. acquired, 119 145 
congenital, 23-100 
bypcrtiophvc. 23, 24 
bi'poplastic, 24 
static. 119-145 

with diabetes, tn amputation, 578, 579 
dislocatimis of. 981*1129 
fractures of, 981*1129 
emergency treatment of, 658, 659 
reduction of 633, 63S 
function of. 208 
hypertrophy of. 23, 24 
hypoplasia of, 24 
iin)nnt& to, wwUiary, 1224 
joints of, congenital contractures of 39 
drainage of 428, 429 
in poliomjehtis, 208 217 
protheses for, permanent, 553 
referred pain of, 1146 

upper See also Zlxtremities and spcciffe sections 
as shoulder, wnsl etc 
amputation of, 521. 526 529 
anomalies of. congenital 3*16 
constnction of. congenital, 3S 
dislocations of, 820 980 
extremity, upper, fracture of, reduction of, 634 
fractures of, 820*980 
emergency treatment of, 658, 6S9, 661 
function of. 208 

injunes to, military. 1233, 1223 
joints of, congeniul contractures of, 39 
incisions for drainage of, 425 
muscles of absence of, 17 
in poliomyelitis, 208, 210 
protheses for. 552, a53 
Cjcs, injuries to, from mustard gas, 1246 

Face; dislocations m, 69S 745 
fractures m. 695*745 
Fycia) bones, fractures of, 697*702 
rssciac. of X»ck, aSecuons of, 276-332 
in low back pain, 291 
$peaHc,307 316 
tumors of. 360-364 

rasdotomy of hip, extra articular ankylosis ot 449, 
ASO. 451 

Femur, absence of congenital, 28 29 
ampuUtioa in, 536, SoS 539. 544, 545 547 
arrest of growth of, Z-W, 248, 248, 249 
atrophy of, congenital, ^ 32, 40 
birth fractures of, 1197, 1198, 1198, 1199, 1202 
coodjde of, fractures of. 1034-1036 
contracture of. flexion, 467 
deformities of, congenital, 28 
dislocation from, of pbis, reduction of, 1049 
end of, upper fractures of. 983 999 
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Femur— (Conttii«f<<) 

cp(phi5cs of, carDlagmous, bjrln «par&ucn ot, 
1207 

loAvcr, separation of, 1038 
fracture of, 618 
iiead, dislocation of, 994, 995 
fractures of, 994 

neck, fractures of. 933-985, 988. 989, 990 , 990 
prothesis for, 554 
sftafl of, anatomy of, 1001 
blood ^essels ot 1002 

fractures of, cJiiiclhood, reduction of, J007, 
1008, 1013 

tompCrUnd, 1026 
dispiaccnient tn 1003-1006 
muscles of, 1001 
nerves of, 1003 
shaft fractures of 1000-1027 
adult, reduction of, ambulatory, 1022 
cmerecncy, 1008, 1008, 1009 
permanent, 1010 

reduction with plaster fixation 1020, 1021 
reduction of, surgical 1023-1025 
tracuon for, 1010-1012, 1014-1018 
supracondylar fractures of, 1028 
reduction of, after care in IQ 36 
plaster fixation for, 1028-1030 
surgical, 1033 

traction suspension for, 1032 
torsion of, m poliomyelitis 223 
trochanteric fractures of 991 
external, 991 
internal, 993 

shaft involved in, 994, 997 
Ferguson and Uoworth technic, for epiphyses in 
J-egg Calve Perthes disease, 510 
Fibroma of fascia, 362 
of joints, 356 
of tendon, 363 

Fibrosarcoma, of fasaa, 362 
of joints, 353 
of muscles, 361 
Fibrosis, of elbow, 443 
Fibrosilis See under specific body secUon 
Fibula, absence of, congcniUl, 23, 29, 30, 32, 35, 36, 

anatomy of, 1030-1081 
arrest of growth of, 244 
deformity of, congcniial, 28, 33, 3V 43 
m genu V algum and genu varum, 469 
osteotomy of, for genu valgum and genu varum, 
469 

pseudarihrosis of, congemUl, 55, 57, 58, 60, 6>. 
64 

shaft fractures of, 1079-1093 
diagnosis of, 1079 
reduction of, 1079, 1036 
internal, 1059. 1092, 1092, 1093 
plaster jacket in, 1079, 1082, 1090 
Unna paste boot in 1083, 1090 
traction for, Caldwell pm lugs in, I08S 
plaster, 1085. 1091 
single-pm, 10S4, 1085. 1086 
Thomas splint for, 1088 


Fibula — ^Continued) 
shaft fractures of — (Continued) 
traction m, multiplc-pm, 1067, 1088, 1089 
varieties of, 1079 

with tibia, in genu valgum and genu varum, 469 
Fiii8er(s) See also Thumb 
absence of, 8-10, 32, 42 
amputation of, 527, 527, S2S, 530 
arthroplasty of, 449 
contracture of, 7,8,46 
distal plialanges of, 1182, 1183 
hjrpennofiility of 7 

joints of, incisions for drainage of 426 
tneUicattK][diaU.ngeal joint of, amputation in, 531 
snapping, treatment of, surgical, 448 
sprains of, treatment of 1155 
stiffness of, 448 
supernumerary, removal of, 5 
tenosynovitis of, 312 
treatment of, surgical, 448 
trigger, 448 
webbed. 3. 4 6,32 45 
Final ink, 1253 

Fischer operation for knee, 22S, 226 
technic, for knee, 1055, 1062 
Flap teclvmc. in amputation, 522 
Flatfoot 63 

congemtal, 65, 66, 68, 68, 69 
rigid, 142, 143 
stabilization of. 30 
treatment of, 37 

Flexion contracture of femur, 467 
deformity, of vvnst, 445 
of elbow, fixed, 443 
of hip, 449. 450 

Fluids, for gangrene, arteriosclerotic diabetic, 561 
Fluoroscopy, biplane, for foreign bodies, 1252 
Foot See also ^atfoot 
absence of, congcmtal, 43 
amputation of. 520, 535, 536, 537, 540, 552, 553 
anatomy of, 11/4 
arthrodesis of, triple, 477 
astragalus of, fractures of, 1114, lllS 
bursitis of, 327 329 
cavus deformity of, 229 231, 230 
clawfoot of, 229 

m poliomyelitis, 228 229, 231-234 
congcmtal deformities of, 63 
cuboid of, fractures of, 1117 
cunaform bone of, fractures of, 1118 
deformity of (congenital), equmu5,76,3i, 90 
congenital inversion, 76, 81, 89, 92, 93 
cquinovanis, 32, 236 
equmus, 40 
"rocker bottom," 90 
valgus, 237. 233 
m spastic paralysis, 255, 257 
varus, 235, 236 
m spastic paralysis, 255, 257 
fractures of. 1094-1129 
chip of, 1161 
specific, 1113 
hollow, 136, US 
hypertrophy of, congeniUJ, 24 
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Foot— (Coji/lniirrf) 
incision of, 478 

injuries to, military, 1235, 1237 
metatarsals of, 570, 572 

os calas of, 1119, 1120, 1122, 1124, 1124, 1125, 
1126 

ossicles of, accessory, 1162. 1163 
pain of, treatment of, 1163 
m pohomjehiis, 228 
posture of, 143 
protheses for, temporary, SSI 
scaphoid of, 1117 
sesamoid bones of, 1 / 14 
excision of, 479 
fractures of, 1128 
Spastic paraljsis of, 255, 257 
sprains of, 1161 
spurs of, 478 
strain of 134 , 143 

suspension techruc, for spine fractures, 751, ?64, 
769 

treatment of, surgical, 477 
tuheroilosis, 400 

unstable, with poliomjelitis, 234, 235, 237 , 210 
weak, 140, 142 
Forceps, bone holding, 642 
Foreaitn. Set also Extrenuty, upper 
absence of, 13, 2S,29 
amputation of, 606, 607 611, 603, 610 
amputation in technic in, 531 
anatomy of, 923 

fractures of 640, 643. 923-943, 1181 
considerations in, 925 
displacement of, 934, 935 
malunited, 941, 942 
reduction of. splints for, 930 
surgical, 932 
speadc, 932 
ununited, 941 
muscles of, 923 , 924 
with poliomyelitis paralysis, 213,214 
physiology of, 923 
protbesis for, SS2 

short, dub h^d, assoaated with, 10, 11,12 
spasbc paraly sis ol, 264 

Forefoot, adduction deformity of, 76, S3, S4, ^88, 
S7, 92, 93 (J're also Hatfoot} 

Foreign body, in arthritis, 422 
Forrester brace, for spme, 1144 
Fcacture(s) See also specific bones, fractures ef 
atrophy with, 686 
chemotherapy for, 672 
Colles 640,643 
coaipouad, 664, 689-693 
bone^ abgnment of, 691 
contaminated, 665-671 
definition of 689 
immobilization of, 692 
infection in, 672, 690 
pathology of, 689 
with shock, 690 
trauma in, 690 

treatment of, 664, 665, 690 692 


Fracture(5) — (Contmued) 
congemtal, of extremity, lower, 42 
of spine, 20 

contaminated compound, 665-671 
definition of, 615 
excroses with, 622 
pf extrenuty. lower, 981-1129 
congenital, 42 

emergency treatment of, 658, 659 , 659 
upper, 820-980 

treatment of, emergency, 658, 659, 661 
ta face; 695-745 
pf facial bones, 697-702 
pf femur, 618 

general discussion of. 615-688 
with hemorrhage, 657 
pf humerus 619, 620, 831, 850 868 
immobilization of See also Fractures, reduc- 
tion of 

external, fixation for, 623, 62S, 620. 631, 640. 
643,645.645 

internal, fixation for, 623, 646 
American College of Surgeons Committee on 
Fractures with, 649 
nails for, 643 
Parham band for, 648 

pUte-and screws for, 648, 650, 651, 652, 
654 , 656 
wires lor, 646 

tracuon-sospension for, 623, 633 , 644 
intra-utenne, 1189, 1190 
With ischemia, 685 
of yaws, 703 345 

of malar bone. 699 702. 701. 704-708. ?3S. 739. 

743. 745 
Malgaign^ 895 
with myositis ossificans, 685 
of nasal bones, 697. 698, 69S 
nonunion of, 676, 6S4 
pathologic <bone), with tumors, 353 
of radnm, 611 , 619 

reduction of See also Fractures, immobilization 
of 

nunipulaiion for, 623, 624 , 625 623, 630, 631 
medianical, 623 
open, 623, 635, 641, 642 
pcetieatmcnt m, 616 

skeletal, Braun frame for, 633 635, 637 639, 
656 

surgical, 623, 635, 641, 642 
toggling in, 617 

traction-suspcRSion for, 623, 625, 633, 636 640 
Roentgen ray in, 621 
with shock, 662. 663 
of spine, 749-797 
labt^ for spine, fractures of, 754 
treatment of, emergency, 6S7, 657, 660, 661 , 662 
guides in, 616 
military, 665 

occupational therapy in, 684 
^ysical therapy m, 682, 683 
pnnaplesof, 615 
reconstructiie, 676 
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FractureCs)— (Coii/inHfrf) 
treatment of— (Coiifmafo) 
reconslrtictjve— (Co»/*m<e<f) 
postopcraljt e care jci, 681 
prcopcrativc care in, 678 
rcconitructiic bone graft in, 677-679, 679-6S1 
leUabiSitation therapy in, 684 
of trunk, 747-818 

union of, dclajcd, 684. (See aha Fractures, treat- 
ment of, reconstructive) 

PrapliUs osscum, 41, SOI 
ossium, 43, 47, 50, SOI 
Freiberg, Joseph A , 19-22, 277-306 
iJing. for loiv back pain, 28^ 2S7 
tenotomy, for low back pam, 294 
Freiberg’s iscase, in epiphyses S12 
Fusion See oho Arthrodesis 
Gacnslcn, for low back pain, 303 
for lots back pam, 297 
spinal defects of, m scoliosis, 193, 194, JPtS 
for Pott’s disease, 376 
for scoliosis, 183, ISS 
(or tuberculosis of sacro ihac joint, 3S2 


Gacnslcn fusion, fur low back pain 303 
incision, 432 
spilt heel inasion 478 

technic, for tuberculosis of sacro iliac joint. 38$ 
Gait, normal, 144 
Galiie tcchme, for fractures, 619 
for knee, 1073 

Galloway reduction, for hip congenital dislocation 
of. 2 It, ]]5 
Ganglion(ia), 317 
affections of, 317-332 
of back, aiTcctions of 276-332 
of hand, 318 
of joint, 3S4 
treatment of, 317, 319 
Ganglioneclomy, lumbar, 604 
Gangrene, m amputation, 519, 575, 600 
arteriosclerotic, 556, 559 
diabetic, $58, 564 
in amputations, 558, 559, 563 
treatment of. nonsurgical, 560 
postoperative, 561 
preoperative, $60. $61 
scmlc, sis, $58, 559, W 
in amputations, 55S 

in diabetes, with amputation, major, 575 600 
iwndiabctic, 558 
Gang's osteorajclius, 502 
Gai(es). arsine, 1250 
cblonne, 1249 
chlorpicnn, 1249 
cyanogen dvloride, 1250 
ethyldichlorarsine, 1247, 1248 
lie, 1250 

hydrocyanic aad, 1249 
incendiary, 1250 
infection, 675 
irntant, lung. 1248 
lacrimator. 1250 
lewisite, 1247, 1243 


Gasfes) — (CoKlmucd) 
magnesium 1250 
mustard, 1246, 1247 
ratrogen mustard, 1247 
phcnyldichlorarsine, 1247, 1248 
phosgene, 1248, 1249 
poisonous classification of, 1245 
medical aspects of, 1245-1251 
systemic, 1249 
smoke, screening, 1250 
stemutator, 1249 

sulfur-tnoxide chlorsulfonic acid 1250 
thermite 1250 
titanium tetrachloride, 1250 
veucant, 1246 
white phosphorus, 1250 
Gastrocnemius musde, 1184, 1185 
Gauze, BIPP, in fractures, 671 
zeroform, 671 

Genu recurvatum, congenital, 5$ 
valgum, 119 
of fibula. 469 
osteotomy in, 468, 469 
static, m rickets, 119 
treatmentof, 119 122 
m tibia, 469 
varum, 39, 47 
m fibula, 469 
in osteotomy of, 468 
stabc, causes of, 124 
adult, 127 
osteotomy for, 126 
in rickets, 124 

treatment of nonsurgical, 125 
postoperative, 126 
surgical, 125, 226 
m tibia, 469 

Ghormley, Ralph K., SOS 514 
technic, for arthrodesis, 455, 456 
low back pam, 300 
tuberculous coxitis, 392, 393 
Giant cell tumor, 336 
Gilchreest technic, for scapula, 846 
Gift Gerald, 245 

and Abbott, in femur, growth of, 245 
in tibia, and growth of, 245 
operation for poliomyelitis paralysis, 224 
techmc, for arthrodesis, 434, 437 
for knee, 224 

for malar bone, fractures of, 701 
for shoulder, 434, 437 
for tuberculosis of shoulder, 407 , 408 
Gilhes’ technic, for malar bone, 101, 702, 744 
Gilmer technic, for mandible, fractures of 721 
Goldthwait irons, for spine, 757, 168, 710 
manipulation, 289 
Gonococcus, in anhritis 428,419 
Gout, in bursitis, 329 
Graft, of bone. See Bone graft 
of tendon, 1171 

Granuloma, coccidioidal, in bone, 503 
GnswoH R Arnold, 1028 1050 
apparatus, for fibula and ubia, 1087 
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Critu.Stofccs tcdmic, /or ampufajion, o/Zennir, SSS, 
539. S4<3, SS3 

Growth, disproportion of, in amputation. 556 
Growths, new, 335*354 
Gunning splint, 728 

Gwrii splint, for ^tatXtsTcs, 1097, \i02, MM 
Gurd technic, for elaticle, 830 
for humerus, 8S9 

Haglund footboard, surgical, J36, 137, 138 
Hair follicles infection of, 556 
Haldeman technic, for low back sirawb 1147 
HaUocfc technic, for tuberculosis, of elbow, 411 
Hallux rigidus, 133 
in bursitis 127 
etiology of, 127 

treatment of (conservatiie), sui^cal, 123, J29. 
130 131 132 
prophylactic, 127, 128 i’2 
salgus, 127 
varus, 133 

Hamate, 952. 957, 962, 9fi3, 964 
Hammertoe, 137, 137 , 133 

Hand(s) See also Tingers, Metacarpats, Phalanges 
absence of, 10, 29 
amputation of, congenital, 520 
amputations in, 520, 530 
anatomy of, 967 
club, 9. 10. n, 12 
deformity of, congenital, 45 
ganglion of, 31S 
joint of, amputation in, 531 
poliomyelitis paralysis of, 213 
skm of, nene sensation of, 87S 
spastic paralysis of, 264 
Harmon, Paul H, 1133-1164 
technic for low back strain, 1147 
Hass modification of Lorenz technic, 4S2 
Hatt technic, for arthrodesis. 471 
Hauser Emil D W. 119 145 
bar, (or pes vatgo planus, 140 , 141 
technic, for foot, sesamoid bones of, 1128 
for hallux valgus, 123, 129-130 
for hammertoe, 137 , 133 
for patella, 1049 

flawley ScanJon table, for fraefurt; 625 
HC gas. 1250 

Head, injuries to, military, 1230 
Heat, for back myositis, 307 
for fractures, physical therapy, 682 
Heel ( Achilles) , tendon of, 1183 
bursitis of, 327-329 
Heiti Boyer clamp, €41 
Heliotherapy, for tuberculosis of bone, 368 
Hemangioma, of joint, 356, 357 
of muscle, 360 
Hcitianhtosis, of elbow. 
of knee, 1157 

Hematocrit level determination, 662 
Hematoma, of muscle contusion, 1168 
iiemivertebra, 171 , 173 
Hemorrhage, in amputation, 555 
in elbow. 876 
m fractures, 657 


Honorrhage— (Cbji/iM«f</) 
tnUrcostal, m rib, 814 
pulmonary, in nb, 815 
secondary, in slump of, amputation, GOO 
Hemothorav, in nb fractures, 814 
Hendtivon in \aitc tmwion ioti, drainage of, 429 
431 

in knee menisci, tear of, 1056, 1058 
lag Krew, for femur, 990 
terdinic, for fractures, 6S0 
for vcapula, 841, 844 
for tubercwloiis of knee, 400 
for tuberculous coxitis, 392 , 393 
Henry technic, for humerus, 855 
Heparin, in hematocrit level and determination 662 
Herman, Otto J . 1094-1129 
Hey Groves techmc, for fractures, €80 
ioth>p,n6, 117,2\9,222 
Heyman tedinic, for low back pain, 293 
Hibbs spinal fusion, for low back pain, 293 , 299 
techmc for foot, 228 
for knee, 227 ' 

for poliomyelitis of fook 228 
of knee, 227 

for Pott s disease, 377, 37S 
for tendons, 1173 
for tuberculosis of ankle, 403 
for tuberculous coxitis, 390 
Hip. acctabiilcpiasly of, Smiili Petersen technic H. 
457 

ampuUUon in, 548 
anlolosis of, 461 
e,ttra-articuJap, 449, 450, 452 
m arthritis, pjogenic. 433 
acttirodesis of, 454 457 , 454 
arthroplasty of, 453 459, 46l 
arttuotomy of, 434 
aspiration of, 424 
bodies in, loose, 434 
burstbs of, 331 

congemtal dislocation of. 35, lOHIS 
anatomy of, 102 
anteversion, 118 
embryology of, 101 
«Uol<^ of, 101 
tmiuottcy of, 203 
osteotomy m, 452, 453 
pathology of, 103 
symptoms of, 103, 105 

treatment of, 107, 109, HO. 1X1,112. 114, 115, 
116,217,118 

contracture of, congenital, 46 
coxa vara of, 29, 51, 53 

deformity of, flexion, with poliomyelitis paralysis, 
218 

dislocations of, 983-999 
Seduction oi, 997 
specific, 997 

drainage of. incisions for, 428, 429 , 430 
epudiyses of, cartilaginous, 1204, 1208-1209 
extra articular ankylosis o{, in flexion, fascsol- 
omy in, 449, 450, 451 

flexion of, with extra-artvculai ankylosis, 449, 
450, 451 
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maiions (or drainage of, 428 429 , 430 
osteotomy of, oblique, 4SI, 452 
painful, bone block m, L'Episcopo technic in, 
V5i5,4S7 

in poliomjelitis, 217 
pfolficsis of, 55f, SJ3 
pseudarthrosis in, 461, 462 
p)ogenic artlirrtis of, 433 
snapping, 309, 310 
spastic paralysis of, 259, 260 
Sprains of, 1156 
treatment of, surgical, 450 
unstable with poUoraielitis paralysis 219, 220, 
221, 221. 222 
Histamme flare test, 523 

IJodgcn technic, for femtii shaft fractures, 1017 
HoOman teclinic, for toes, claw, 479 
Hohman technic, (or bursitis 332 
HoLe apparatus, for femur, fractures of, 991, 1018 
for humerus, fractures of, 853, 854 
flatfoot stahihzation, 30 
operation, for clubfoot, 78 , 79 
Hooks, bone, 642 
Hospitals, military, 1220 
llouorth, 510 

Hulhhen, m splints, for mandible fractures, 727 
Humerus Set afro Extremity, upper 
absence of, congenital, IS, 16 
anatomic neck of. fractures of 832, 852, 854 
birth fractures of, 1195, 1226 . 1197 
eapitcllum of, epiphysis of, 895 897 
chondrosarcoma of, with shoulder, 535 
condyle of, lateral, 893, 895 
medial fractures of, 893 
diacondylar fractures of, 890 893 
end of, lower, fractures, 862 866 
upper fractures, 850, 853, 8S4. 855, 856 
epicondylc of, medial, 897-901 
epiphyses of, cartilaginous, birth separation of, 
1207 

separation of, 833 
Ewing’s sarcoma of, 534 
fracture of, 619, 831, 850 868 
birth, U9S,j;96. 1197 
diacondylar, 890 893 

supracondylar, 620, 861, 862, 877, 878-889. 
915 

transcondylar, 620, 861, 862, 877. 878-889 
915 

lateral condyle of, fractures of, 893, 89S 
lower end of condyle, fractures of, 863 
epicondylcs, fractures of, 862 
epiphyses of. 862. 889 
fractures, 862-866 
fractures of, "side swipe," 894, 895 
‘ truck sw^pc,’■ 894, 895 
oslcotoniy of, 4^ 

medal cpicondyle of cpipftyseaf, 897-9QI 
shaft fractures of. 857-860, 859 
supracondylar fractures of, 620, 861, 862. 877 
878-889. 975 

surgical neck fractures of, 826. 831, 832. 852 
855 ' 


Humerus— (Confiniicd) 

tuberosity of, greater, fractures of, 833, 850, 851 
upper end, epiphysis of, 852 
fractures of, 850, 853, 8S4, 855, 856 
osteotomy of, 438, 439 
Hunchback, 372, 376 
Huntington technic, for fractures, 681 
Hydrarthrosis, of knee, 1157 
Hydrocephalus, relation to meningocele, 19 
Hydrocyanic acid gas, 1249 
Hydrops intermittent 420 


Ileus, paralytic, in nb fractures, 815 
Ufeld strappmg, for low back pain, 236, 2S7 
Iliopsoas abscess, 429 , 430 
Ilium, wing fractures of, 798, 799 
Immobilization See specific fractures Immobiliza- 
tion of 

Itnpink. Robert R , Walter Estell Lee and. 1000- 
1027 

Incendiary gases, 1250 
Ineision(s), for abscess, iliopsoas, 429 , 430 
for abscess, pelvic, 429 , 430 
for ankle drainage, 429 , 431 
axillary, in shoulder, 437 
Berger, 534 

for elbow aspiration 881 
drainage, 426 427 

in extremity lower, for joint drainage, 428 , 429 
upper, drainage of, 425 
for finger drainage, 426 
Caensicn split heel in foot, 478 
for hip drainage. 428 429 
* hockey suck " for knee memsci, tear of, 1057 
faonzontal, for knee menisct, tear of, 2058 
for humerus lower end of, fractures of, 865 
for yomt drainage, 425, 426, 428, 429, 431, 432 
(or knee drainage, 429 . 431 
menisa, 2056 

Kocher, for amputation, m shoulder, S33 
for ligaments, myuries of, 2J4J 
mrdia) lateral, 1059 
necrosis, in amputaUon stump, 600 
parapatellar, for knee menisci, 1059 
patellar margin. 1059 
posterolateral for knee memsci 1056 , 1058 
m Pott's disease, 3S0 
racket, for amputation, 323 
of scapula, for brachial plexus injuries, 849 
for shoulder drainage, 425 , 426 
spht-palellar, for knee menisci 1057 
U-shaped, for knee menisci, I0S7, 1059 
for wrist drainage, 426 , 427 
Infecticm, m amputation, 519 
m amputation, m diabetes, 600 
in fractures, compound, 690 
gas, 675 

in amputation, 554, S55 
bacteriology of, 1239 
in cellulitis, 675 
gas bacillus, penicillin for, 673 
tn inyunes military, 1238-1245 
mvasive, 675, 676 
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Infection — 

in stump of tnajor amputation, in diabetes, 600 
Injection, in bii*sa. subdtJtoid, novocain m, 435 
caudal, for Iow>back pam, 284 
e^viical, foe tow-back pain, 
of ganglion, of joint, 3S4 

of noiocain, m shoulder, subdeltoid bursa of, 4^ 
of saatic nerve sheath, for low back pain. 2&4 
of shoulder, subdeltoid bursa of, noiocain in, 435 
Steindler procaine, for Ioh back pain, 281 
Injuries, abdominal, military, 1231 
birth, skeletal, 1189-1209 
craniocerebral, military, 1230 
crushing, in amputations, 519 
from gas 1246*1250 
maxillofacial, militarj, 1231 
military with burns 1237 
care of professional, 122S-1Z4S 
complications of treatment of, 1237 
with gas infection Causes of, 1239-1245 
speofic, treatment of, 1230 
with tetanus 1237 

treatment of, blood transfusion in, 1226, 1229, 
1231, t23S 
Ink. FInzt. 1253 

Innominate bone, fractures of. 798 
InstrumenU, for amputation, 524 
for fractures 642 
for giant-cell bone tumor, 338 
for mandible fractures, 722. 731. 7J2 
for metatarsal fractures, 1128 
forosealas fractures of, 7/18 
Insulin, tn amputation nnth gangrene, artetuscle- 
rotic iLabetic, 539 

for gangrene, artenosclerouc diabetic, m am 
putation. 559, 561 
Interphalangeal joint, 426, 428, 978 
Intervertebral disk, in spine, fractures of, 771 
Irrigation, of bursa, subdeltoid, 436 
Ischemia, of extremities, refrigeration anesthesia m 
566 

Volkinann's, 617 
ui elbow, with humerus, 888 
with fractures, treatment of, 665 
with humerus, supracondylar fractures of, in 
elbow, S8S 

Ischium, rami fractura of, 800, 801, 602 , 803 
Ivy technic, for malar bone fractures, 701, 702 
for mandible fractures, 724 


Jacket, ambulatory, for Pott's disease, 374 
for spine, fractures of, 75S 
Calot, >n Pott's disease, nonsurgical treatment of, 
374 

blmerva .Jfe Minerva jacket 
plaster, for fibula, 1079 
for humerus, 855 
m Pott's disease, 373 
for spine, 753, 777 
for tibia, 1089 
tn tuberculosis of ankle, 402 
u scoliosis, treatment of, surgical, 173, 179, 191 


Jackson, 351 
clamp, 642 

Jacobs chuck, for fractures, 650 
Jaws, fractures of, 699-745 
tee6i in, 763 
treatment of, 703 
lower, fractures of, 704-703 
snapping, 310 

upper, fractures of. 699 702, 70/, 704-703 733 
739, 743, 745 

Jomt(s) See specific joints as elbow jomt, knee 
joint, etc. 
arthrotomy of. 434 
aspiration of, 433 
bodies of, loose; removal of, 434 
carpometacarp^ amputation in, 531 
drainage of, 426 , 428 
Charcot, 423 
diseases of, 365-515 
drainage of, incision for, 425 
of extremity, lower, 428 , 429 
congenital ankylosis in, 72, 73. 74, 75 
Joints, of extremity, lower, congenital contractures 
of. 59 

upper, 39, 425 

of foiger, incisions for drainage of 426 
fractures of, with sprains, 1133-1164 
infection of, 417-479 
interphalangeal, dislocations of, 978 
wcisioQS for drainage of, 426 , 428 
laetacarpophalangeal, amputation tn, technic in. 
531 

arthroplasty of, 448 
dislocations of, 973, 974 
m fingers, 443 

incisions for drainage of, 426,428 
metatarsal, in toe amputation, in diabetes, ^*0. 
572 

radio-ulnar, distortion of, 940 
sacro-iluc, dislocations of, 801, 803 
inasioDS for drainage of 429.431 
stemoclai'icular, dislocations of. 8//. 816, 817 
fractures of, 809 818 

subastragaloid, inasions for drainage of, 432 
tuberculosis of, 367-416 
tumors o^ 335-359 

Jones posibon, of elbow, with humerus fractures, 
879 

splint 634. 637. 853 

tedinic, for acetabulum, fractures of, 806 
for ankylosis of bone in hip, 461, 462 
for hipi snapping, 310 

for humerus, diacondylar fractures of, 862, 891 
for knee tnentsa, tear of, 1055 
for pseudarthrosis, m hip, 461 
for sprains, of joints, 1134 
Jones Bilhngton technic, in poliomyelitis paralysis, 
214 

Jostes manipulation, for low back pain, 291 


Kanthak, m malar bone, fractures of, 701 

Keen technic, for malar bone, fractures of, 701 , 702 
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Keller splint, extremity, loww. military, lO- 
;uriej ti^ J234 

technic, (or hallux valgus, 131 

Keller Blake splint. 657, 658, 659. (.See also 
Hiomas splint) 

K«my trcalmcnt, Cor pohom)elitis, 202 
Keiiler, Henry H , 606 612 
Key.) Albert. 417^79 , 

technic, for lemur, sliaft fractures of. 1021 
for tuberculosis of knee, arthrodesis in, 399,399 
Kidneys, diseases oi, m vaMtmaTmittive.ea^y.WA 
Kienbock's disease, 953-955, 958, 9S9, 960, 1155 
Kilner technic, for malar bone, fractures of, 701, 
702, 744 

Kingsley splint, for maxillary bones, fractures of, 
fixation of, 735, 739 
Kjrk;iVorni3nT.]22S-1251 
and Luther R. ifoore, 1213-1254 
technic, for fractures, 680 

THrscIincr wires with Bosworth appliance, for leg 
lengthening 241 
for clavicle. 827, 830, 8S0 


in elbow, with humerus, 884 
for femur, shaft fractures of, 1010, 1015, 1022 
for fractures immobiluation of, ^46 
for humerus, fractures of, 8S3, 884 
Kiie,J H, 23 100 
Khppcl Teil syndrome, 22, 313 
Knee. See alto Genu valgum, Geou varum Patella 
Tendon quadneeps 
alar fat pad of, 1074, 1075 
amputation of, 544 

apparatus of, extensor, rupture of. 1044 
arthrodesis of, 470, 471, 473 
arthroplasty of, 473 
arthrotomy of, 435 
aspiration of 425, 1029, 10S.r 
back, 55 

Baker's cyst of, excision of, 473 
bodies in, loose, 435, 1076 
bursitis of, 330 

capsulotomy m, posterior, 466 
cartilage of, external, cyst of, 474 
necrotic, excision of, 464 
semilunar, 1052, 1053 
external, excision of, 474 
internal, excision of, 473, 474, 1158 
contracture of, congenital, 46 
crucul ligaments of, 1067, J065. 1069-1074 
deformity of, flexion, 221, 223 
deformities of, congenital, 54 
static. See also spcafic deformities as Genu 
valgum, etc. 

derangements of, internal, 1051-1078 
deviation of, lateral See Genu valgum. Genu 
varum 

dislocations of. 1023-1050 
congenital, 35, 42, 54 
specific, 1048 

epiphyses of, cartilaginous, birth separation of, 
1205. 1205,1206 

and femur, flexion contracture of, 467 
fractures of, 1028-1050. See also remor, con- 


Knee — (Conitnued) 

dyles of, fractures of. Femur, supracon- 
dylar fractures of. Tibia, condyles of, frac- 
tures of 

genu recurvatum of, with polioroyebtis, 224 
hemartfirosis of, 1157 
hydrarthrosis of, 1157 
hypertrophy of, 1077 
incisions for drainage of, 429 , 431 
knock congenital, 34. 35, 36 
lateral ligaments of, 1061, 1066 
external, 47S 
functions of, 1061 
internal lesions of, 1062-1065 
surgical treatment of, 475 
sprain of, treatment of, 1142 
ligament, injuries of, 1143 
hgamoits of, crucial 1067, 1DS8, 1069-1074 
lateral, 1061, 1066 
sprains of, 1156 
menisca! tear m, 1052 
nonsurgical treatment of 1054, 1055 
preoperative treatment of, 1055 
surgical treatment of, 1055-1059, 1056-1058 
treatment of postoperative, 1060 
menisaof, 1052, 1053 
meniscus of, medial 1060 
muscles in, quadriceps femoris, 1183 
osteochondritis of, 1076 
dissecans of. 1135 

osteotomy of, supracondylar, 467, 468 

poliomyelitis m, 204, 225 

popliteal dissection of, 466, 467 

prothcsis for, permanent, 554 

quadriceps femoris of, paralysis of, 225 227 

revision of, 462 

snapping, 311 

spastic paralysis of, 258 

sprains of. 1156 

supracondylar osteotomy in, with femur, 467, 468 
synostosis of, congenital, 29, 32, 55 
synovectomy of 462, 463 
tibial spine of 1075 
tuberculosis, 394 

unstable, with poliomyelitis, 225 227 
Knight spinal brace, for abdomen, with poliomyelitis 
paralysis, 207, 20S 
Knock knee, 119-122 

Knuckle; dropped, with metacarpals, Iractares of 
967.973 

Koclicr inasion, in abscess, m Pott's disease, 3S0 
for amputabon, of shoulder, 533 
m ankle, (or ligament injuries of, treatment of, 
1143 

tedime, (or amputation, of elbow, 532 
for scapula, dislocations of, 835 
Kohler's disease, m epiphyses, 512 
m sprains, with joint fractures, 1136 , 1138 
Kreuslier operauon, in pohomyelUis paralysis, 219. 
222 

Knda, in hemangioma, of joint, 356 
techni^ for knee, 2071 
Kyphosis, with Pott’s disease, 372, 376 
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Labat No 1 technic, nb fractures. S12 
Lacerations, of muscle, 1168, 1168, 1169 
of tendon, 1H8, 1169. 1170-1172. 1171, 1172 
Lackum, IVUIiam R \on, 146-198 
Lacrunator gases, IZSO 
Lag screws, 9S0 
Lambotte clamp, 642 
Lanunae, spinal, 769 
Laminectomy, for low back pain, 304 
for spine, fracture dislocations of, 791 
Lane skid, 642 

techmc, for femur, shaft fractures of, 1024 
Lange techmc, for contractures with obstetnc pa- 
ralysis, 272 

for hip, unstable, with poliom>elitis paralysis, 219, 
222 

for torticollis, 314 

Langenbeck inciuon, in hip, 428, 429 
Langenbeck Ollier inasion, in elbow, 1143 
Lapidus technii^ for hallux valgus, 131 
Laseguc test Set Test, Lasegue 
Lathrop technic, for malar bone, fractures of, 701. 
702 

Lattman with bursitis, acute subdeltoid, 333 
Leadbetter techmc. for femur, neck fractures of. 988 
Lee Walter Estell, Robert R. Impmk and, 1000- 
1027 

Leg See oUo Extremity, lower 
amputation of, congenital, 43 
technic for 543 
band of, congenital, 46 
constriction of, congeuul, 4S 
delonnity of, bow leg, 39 , 47 
equalization, length of, with poliomyelitis. 239 
lengthening of, with poliomyelitis 239, 241 
lower, amputation of, in diabetes, S80 
Gntti Stokes technic m, SS3 
Smith technic in, S32, }24, 5S6 
stump of, in diabetes, postoperative care of, S98. 
599 

middle third, amputation in, 543 
muscles of ruptures of, 1184, 1185 
prothescs for, 550, 553, 554 
sborteniiig of, with poliomyelitis. 244 
spastic paralysis of, 262 

Legs techmc, for hip, unstaUe, with polionvycfitis 
paralysis, 221, 222 

Legg Calve Perthes disease, m epiphyses, 510 
with sprains, and joint fractures, differential diag 
nosis of, 1138 

LeMesuner technic, 679 , 1073 
for fractures, 637 

L’Episcopo techmc; for bone block, for painful hip, 
456, 457 

Lenche technic, for sprains, with joint fractures, 
1134 

Lewisite gas, 1247, 1245 
Ligament (s), of knee, 1061, 1066 
external, lateral, 475 
injunes of, 1143 
of shoulder, 822 
Limbs, artificial, 553 
Lipiodal injection, for low-back pam, 283 


Lipoma, of loint, 356 
of muscle, iC/3 
of tendon, 362 
Liposarcoma. of bone, 352 
of joint, 358 

lasfraiK techmc, for amputation, of foot, 536, 537, 
540, 552, SS3 

Lira', disease of, with sulfonamide therapy, 674 
Lorenz tttdimc, for hip, congenital dislocation of, 
452 

Lorenzo screws, 990 

Lovejoy drill, for fractures, immobilization of, 6''0 
Low-bade pain, 277 306 
Albee graft for, 297, 297. 293 
bone graft for, 296 
Campbell fusion for, 302 
Chandler fusion for, 300 
Delageniete graft m 296 
diagnosis of, surgical, 281 2S4 
examination in, physical, 278 280 
fasciae in. treatment of, surgical 291 
fifth lumter in, 303 
Freiberg tenotomy in, 294 
Gaenslcn fusion in, 303 
Ghonnley operation in, 300 
Heyntan operation in, 293 
Hibbs spinal fusion in, 293, 299, 299, 300 
laminectomy in, 304 
lesion of. primary, 277 
muscles in, 291 

nonsurgical treatment of, 278. 234 
fmm^ilization in, 285, 286, 287’29Q 
Jostes manipulation in, 291 
manipulation in, 289 
physiotherapy in, 285 
Oter operation in. 291 
physical examination m, 278 280 
Smith Petersen fusion in, 301 
strain, 1146, 1147, 1147 
surgical diagnosis of, 281 284 
treatment of, 291, 295, 297 
tenotomy m, pyrifomus, 294 
Lowman clamp, 642 
damp, in \Vhite techmc, for femur, 249 
techmc, for abdomen, with poliomyelitis, 250 
dir fcp; tmyCifihb; »iOV pyiVimryedOy paraiVns 
219 . 220 

Lwltoff, »n abscess, pcWvc, inasion for drainage 
of. 429 , 430 
Lumbar, fifth, 738 
tilt of. 163 

transverse process, excision of, with low back 
pain 303 
wedged, 151 , 165 
Lunate. 953-955, 958, 959, 960 
Lung puncture, 813 
Luxations See Dislocations 
Lymphangitis, in amputation, in diabetes, 564, 575 
Lymphedema, of ankle, with sprains of, 1161 

Uacf^lluffl techmc, for fingers, webbed, 3 
for toes, webbed, 3 , 6 

MacMurray techmc, (or lup, oblique osteotomy of. 
451, 4S2 
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Ma\usland tcchnic, for arthroplasty, o! elbow, 441, 
442 

XfcBride technic, for fractures, 4S0 
for hallux lalffus, J2I 
McCaJTrey, Francis S , 703-745 
XIcKim, in htnila and tibia shaft fractures, 1092, 
10S3 

McKitlricfc, Lcland S and Theodore C Pratt, 558- 
605 

McLaughlin, Ilarnson L., 809 813 
tcchnic, for shoulder, 1173 
McMurray tcchnic, for arihniis, 422 
McWhorter incision, for shoulder. 1143 
Xfackenzie-Forbcs modihcatton, for low back pain, 
299. 300 

Magnesium gas, 1250 
Magnuson Paul B , 923 943 
clamp, 642 

tcchnic, for humerus fractures, 891 
for patella fractures, 1041 
Ifalar bone, anatomy of, 699 
fractures of, 699-702, 702, 704-708, 7JS. 739. 
743, 745 

reduction of See specific technics as Caldwell- 
Luc technic for 

hfalformations, conscnilal, treatment of, 3 
Xfalgaigne fracture, of pelv is, 805 
Malleolus, of ankle 1094.1097,1142 
Mallet finser, 1292 , 1183 

Malum coxae semlis, 421 See cha Watson Jones 
tcchnic, for arthrodesis, of hip. autogenous 
bone pegs in 

Mandible, anatomy of, 704 
fractures of. 704-708 
after-care of, 735 
anesthesia for, 716-718 
bandages for, 718, 719, 719 
chemotherapy in, 736 
classification of, 705 
complications of, 735 
displacement in, 707,709, 713 715 
examination in. Roentgen-ray, 712 
fixation of. 713, 717, 720-722, 722, 724, 725, 
727-731, 732 

reduction of, 713, 717 . 730 
sulfonamides tn, 736 
unumted, 734 

Manomelric study, of spinal fluid, 282 
Manwonng tcchnic, for malar bone, 701 
Xfarblc. Henry C, 821-849 
"Marcli ■ fracture, 966-980 
Massage, for fractures, 682 
Matas tKhmc, for malar bone, 701 
Mauck tedinic, for knee, internal lateral ligaments 
of. 1065 

Maxillary bones, fractures of, 699-702, 701, 704- 
708. 739, 739, 743, 745 
Maxillofacial injuries, 1231 

^lajcr modification of. Tubby technic, for forearm, 
siith poliomyelitis paralysis, 214 
tcchnic, for abdomen, with potiomychUs,250 
for foot, eJawfoot of, inth chrome pohmyditis, 
231,232 

for hallux valgus. 132 


Mayer modification of — (Continiird) 
technic— (Con Unued) 
for hip, snapping, 310 

for knee, genu recunatum of with pohoniyc 
liUs paralysis, 224 

for poliomyelitis, m foot, daw-foot of, 231. 232 
paralysis, in knee, genu recurs atura of, 224 
for tendons, 1172 

hfedical Department, of Army See Army, Medical 
Department of 

Kfedicalion, for major amputation, in diabetes, 59? 

for minor amputation, m diabetes 564 
Meningocele, 19 
Menisci, of knee, 1052, 1053 
Metacarpal, thumb, 967, 968 
Metacarpals, absence of, 8, 9 
dislocations of, 966-983 
fractures of, 966 980 
compound, 97S 
knuckle in, dropped 967,973 
reducUon of, 969, 970, 971. 972, 973. 974 . 975 
specific, 970 

Metacarpophalangeal joint, 448, 531, 973, 974 
Metatarsal joint, 570, 572 
Metatars^gia, 134, 135 

Metatarsals fractures of, 7723, 2126-1128, 1136 
1161 

Metatarsus varus, 67, 70, 71, 72 , 135 
Midcarpal joint, 961, 962 
Military surgery See Surgery, military 
Mills manipulation, for bursitis 332 
Milroy’s chronic hereditary edema, 23 24 
Minerva jacket, for spine fractures of, 759, 760, 
766 

Monteggia fracture See Ulna (upper) end of, frac 
lures of 

Moorhead teclinic, for malar bone fractures, 701 
Moore, Luther R.. 1251-1253 
and Blount appliance, for gooseneck fixation, 452 
Luther B , Norman T lurk and, 1213-1254 
naif, for femur, condyles of, fractures of, 1036 
pins for femur, neck fractures of, 999 
technic, for fractures, treatment of, in 681 
Morphine, for fractures, treatment of, 660 
Mornson tcchnic, 1063, 1102, 1118, 7779, 1120, 
1122 

3(orton s toe, 135 

Motac'Skdetal system, injuries to, birth, 1187-1209 
Murray. Clay Ray, 307-316 360-364, 499-504, 615- 
688, 1165-1186 
D W Gordon. 944-965 
in forearm, fractures of, 925 
Murray Jones splint, for fractures, 6S4, 657 
for humerus, upper end fractures of, 853 
Alusdefs), absence of in upper extremity. 17 
of abdomen, paralysis of, 204, 207, 20S 
of back, affections of, 276 332 
speafic, 307-316 
contusion of, 1167, 1168 
of elbow, paralysis of, 211 
electrical stimulation of, for fractures, 683 
of femur, shaft of, 1001 
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Muscle(s) — (Continued) 
of forcann, 923, 924 
paralysis of. ZU, 2U 
of hip, paralysis ot 217 
injuries to, 1121-11S6 
speahc, 1165*11S& 
treatment of, 1165, 2166 
ot Icnee, paralysis of, 204 225 
laceralioss of. 1168, 1168 , 1169 
in low back pain, 291 
paralysis. With poliomyelitis 204,205 
ruptuies of, 11^. 1I6B, 1169 
of shoulder 1172*1178, 1180, 1181 
girdle, ^2i. 824 
paralysis of, 210 

of spine, paralysis of 204, 207, 203, 205 
strains of, 1167 
training, for muscle paralysis, with poliomyehtis, 
204 

transference for foot, clawfoot, witli pofiomyelilis 
paralysis, 219 222,228 
of thumb paralysis of, 2l6 217 
tumors of 360'3&4 
weakness of, 204 203 
of w nst, paralysis of, 213, 214 
' Mushroom ' fractures, 1152, 1183 
Musurd gas 1248. 1247 
Myelography, for low back pain 283 
\fyeIonia multiple, 350, 351 
plasma cell 350. 351 
of tendon 363 
Myelomeningocele, 19 
Myofascitis See wider spccilic body section 
If] oUbrositis See tinder specidc body section 
Myositis See under speciHe body section 
clostridial, 67S 

ossificans See under speaftc body section 
of elbow, with humerus, 887 
with fractures, 685 
with humerus 887 
in muscles, 1168 
Myxosarcoma, of joint, 358 

Nails, for fractures 648 
Nasal bones, anatomy of, 697 
fractures of, 697, 698, 69S 
Neck, snapping 311 

Necrosis, in amputation stump mayor, in diabetes, 
600 

of bon^ 1136 

Ncotheosol, for ribs fractures of, 811 
Nerve block, for amputation in thrombo-angutis 
obliterans, 604 

for nbs, fiactures of. 811, 812 
Nerve, radial, ifl humerus, shaft fractures of, 860 
transference, ulnar, for humerus, 900 
Nerves, of ankle. 1236 
of elbow, with fractures of, 874 
of femur, shaft of, 1003 
of hand, with skm sensation, 815 
of humerus, fractures of, 863 
Neurectomy, for spastic paralysis, of loot, 257 
of hip, 260 

Neuritis, late compression, with nb fractures, 815 


INDEX 

Neurofibromata, in Von Recklinghausen’s disease, 
500 

Nicola tcduuc, for scapula, 841 
for shoulder, musculotendmous cuff, tears of 
1180 

Nttrogea imistard gas, 1247 
Nitrous oxide-oxygen ether, for mandible fractures, 
718 

Noftii, John Paul, 966 980 
Noiocain, for bursa, subdeltoid, 435 
for elbow, aspiration of, 881 
in shoulder, subdeltoid bursa of, 435 
in spine, 1145 
for sprains, 1139 
Kovocam-eucupin for knee, 1142 
for spine, 1145 
for sprains, 1139 
for wnsk 1141 

Ober Frank R , 3 18 

inasion, in hip, posterior drainage of, 428 , 429 
tecbnic, for foot, claufoat of with poliomyelitis, 
234 

for hip. unstable, nitb poliomyelitis paralysis 
219,222 

for low back pain 291 
for patella, fractures of, 1041 
with poliomyelitis paralysis, of shoulder, 210 
test. 280 

Occlusion, vascular, in amputation, 556 
Occupational tlicrapy, foe fractutet, 684 
Olecranon, epiphysis of separation of, with frae 
tures, 904 

fractures of. 901 904 

Organisms 5V/ e/se Staphylococcus Streptococcus 
in minor amputation, in dubetes, 5fi4 
tnosteotoydiiic, acute, {ulnucAtiftg 480 
Orr technic, for osteomyelitis, 4S9-491 
for pyarthrosis, m osteomyelitis, 4K7-491 
Os calcis fractures. /fl7. 1118, «19, 1120, 1122. 

1124. 1124. 1125, 1126 
Os magnum, 956, 963 
Osgood brace, for low back pain, Z8S 
Osgood Schlatter disease, in epiphyses, 511, 512 
in sprains oi joints, with fractures, 1136, 7128 
(ecbniC for bursitis, racTiohumeral 33Z 
Ossicles, 2162. 1163 
Ostcibs cystica fibrosa, 335-359, 499 
deformans, 50! 
fibrosa cystica, 339 , 340 
Osteoditm^tis in knee, 1076 
dissecans, UJS 

Osteochondrosarcoma, amputation of, 34S 
Osteogenesis imperfecta, 41, 501 
congenita, 43, 44, 501 
tarda. 43. 47. 39 , 501 
Osteoma, 336 
Ostcomalaaa, 500 
Osteomyelitis, 48(M9S 
scute, 4S0 

bactenemia in. 4S0. 48S-4S8 
cfaeuiotherapy in, ^ 
definition of, 480 
fidminating 4S0-482 
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OsteOBijeliUs— (Conatittfi) 
localized, 48W92 

nonsurgicil treatment of, 4S0, 48^ 484-488 
organisms in, 480 
sulfonamides m, 484 
surgical treatment of, 483 
of tibu, 49Z 
chrome, 493, 494 
Garri, SOi 

hematogenous, 480-498 

m minor amputation, in diabetes, 564 

Orr teclinic for, 488 

pjcmia in, 480, 48S-483 

sderosing, 502 

septicemia m, 480, 485488 

m tibia, with scars adherent to bone, 49S-497 

lAith tjphoid, 502 

Osteopsathyrosis, hereditary, 43, 47, 50. SOI 
idiopathic, 43, 47, SO, 501 
nonhereditary idiopathic, 43 47, SO 501 

Osteotomy, of anWe, Campbell technic (or, 476 
Mith arthritis, degenerative, 422 
bifurcation, low, 452, 453 
for bunion, tailor's, 132 
for contractures, with obstetric paralysis, 272 
for epjpjiyses, slipping of, 508, 509 
for femur, torsion of, with poliomyelitis 228 
for fibula, pseudarthrosis of, 64 
and tibia, with genu valgum, 469 
for foot, cavus deformity of, nith poliomyelitis 
230 

for genu talgum of fibula and tibia 122, 469 
varum, of fibula and tibia 126, 469 
for lullux valgus, 128 133 
high, of hip, 451, 452 
for lup, congenital dislocation of, 452 
obhciue. 451,452 
ofhtimerta lower end of, 444 
upper end of, 433, 439 
of leg, with bow leg deformity, 39 
low. 54 452, 453 

for flip, congenital dislocation of, 452, 453 
low bifurcation, of hip 452, 453 
for metatarsus varus, 72 
for obstetric paraljsis, 272 
for poliomyelitis, with femur, 228 
With foot, 230 
With tibia, 228 

for shoulder, musculotendinous cuff irf, 1174 
for spastic paralysis of leg, 262 
subtrocluntenc, 54 

for lap, congenital dislocabon of, 453,454 
supracondylar, for femur, 467, 468 
for genu valgum. 122, 468, 469 
varum, 46^ 469 

for tibia, h>-poplastic deformity of, 31, 36 
torsion of, with poliomyelitis, 228 
for tibia and fibula, with genu valgum, 4^ 
wiili genuvarum,469 
for wrist, flexion deformity of, 445 

Paget’s disease, SOI 

Pam, in amputation, major, m diabetes, 575 


Paiii_(Cc»itinuf£f) 
tow-back. Sei Low-back pain 
relief of, in nb fractures, 809-812 
Paralysis, 253 273 See also Poliomyebtis 
with ataxia, 267 
with atlietosis, 266 
hopeless, of spine, 793 
myogenic; 253 
neurogetuc, 233 
obstetric; 267 
with contractures, 270 272 
o/«freaiity, agger, 268, 269 
of forearm, 270 
with lesion, neurologic, 269 
residual, 272 
of upper arm, 268, 269 
in Pott’s disease, 331 
in scoliosis, ISI, 169, 170 
spastic, 255 266 

of spice, with fracture dislocations of, 789, 791, 
791 

Paraplegia, in scoliosis, 197 
Parathyroids, with osteitis cystica fibrosa, 499 
ParlKim band, for fractures, 648, 993, 1089 
Parker and Jadeson, m sarcoma, reticulum cel] 
bone, 351 

Patella See also Knee 
absence of, congenital, 29, 32,42 
compound fractures of, 1042, 1043 
dislocations of, 55, 56, 1048, 1049 
excision of 463, 4^ 
fractures of, 1039>1042 

compound, 1042, 1043. See Patella, compound 
fractures of 

slipping, Hitchcock technic for. 464, 465 
tendon of, rupture of, 1183, 1184 
Patterson irrigation, for bursitis, acute subdeltoid, 
320 

techmc, for malar bones, fractures of, 702 
Peabody technic, for foot, claivfoot of, with polio- 
myehUs, 231, 233, 234 
for hallux valgus, }31 

Pearson piece, for femur, shaft fractures of, 1016 
for fractures, reduction of, 632, 635, 639, 656 
Pegs (autogenous), bone, for arthrodesis, of hip 
454.455,456 

Pelvis See also specific sections as Ilium, 
Ischium, etc. 

congemtal deformities of, 22 
fractures of, 798-808 
injuries to, military, treatment of, 1233 
Maigaigne fracture of, treatment of, surgical 
805 

tuberosities ui, fractures of, 800 
Peiualhn, 675 

for bacilli, gram negaUve, 673 
Casalt of, 675 

for infection, gas-bacillus, 673 
for injuries, military, 1244 
intramuscular, use of, 67S 
intrav enous use of, 675 
local Use of, 675 

Na salt of, 675 ^ 
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PtnjCiihn~(Continued) 
in staphylococcus, 673 
m streptococcus, 673 

Pentolhal sodium, ior nundiWe fractures, 718 
Periarthritis of shoulder, 1149 
Pes cavus, 136 , 138 
Steindler technic for, 477 
ralgoplanus See also Flatfoot 
etiology of. 120, 134, 139 
with toes defomnties of, 127, 133-136 
treatment of, nonsurgical, 139, 140 , 141 
Petrolatum gauze 671 
Pha\3nx(ges),448 531,973,974,978 
distal fractures of, 977 
of fingers, (compound) fractures of, 978 
dislocations of, 966-980 
distal, tendons of, 1182 , 1183 
fractures of, 966-980 
hyperextensive contractures of, 5 
middle fractures of, reduction of 976 
of toe fractures of, 1128 
Pliclps Winthrop Morgan 253 273 
Phesjldichlorarsinegas 1247, 1248 
Phlebitis, in amputation stump major, diabetes, 601 
Phosgene gas, 1248, 1249 
Physical therapy, for fractures, 682 
Physiotherapy for Pott s fractures, 1104 
Pierson John C 354 359 
Pm technic for fractures 640, 643 
PirogofiF technic, for amputation, of ankle, 536, SS7, 
S4l. 542 552 . 553 
Pisiform bone, 961 

Plasma protein content in, in fractures, 663 
speafic gravity of m fractures, 663 
transfusion of in fractures, 663 
Flasma-ceU myeloma, 3S0, 351 
Plaster and pm technic, for fractures, 640 , 643 
Plaster collar, 764 

jacket, 373, 402, 753. 777, 855, 1079, 1089 
for low back pam, 286 , 290 
splint See Splint, plaster 

Plate and screws, for fractures, immobilization of. 
internal, fixation for, 648, 6SQ, 651, 652, 
6S4 

Pleural puncture, 813 
Pleurisy, \nth ribs, fractures of, 814 
Pleuropulmonary complications, 815 
Plexus brachial, 846, 847, 848 
Pneumonia, with ribs, fractures of, complications 
of, 815 

Pneumothorax, with ribs, fractures of, complica- 
tions of, 814 

Poliomyelitis, 201 252 See also Paralysis 
acute. 202 
chronic, 203 
of abdomen, 249, 250 
of ankle, and treatment of, surgical, 228 
of elbow, 211 

of extremity, lower, 203, 217 
upper, ^)8 210 
WHh ftmur, 22S 

with foot, cas-vs deformity of, 230 
clawfoot of, arthrodesis in, 233 
Hibbs technic for, 228 


Poliomyelitis — (C'onJiinird) 
chtonic— (Coiiltnurd) 
with foot — (Continued) 
clawfoot of— (Coniiiiued) 

Mayer technic for, 231, 232 
muscle transference in, 228 
Ober tcdinic for, 234 
Peabody tcchnic for, 231, 233, 234 
Stctodlec technic for, 229 
surgical treatment of, 223 
surgical treatment of, 223 
unstable, astragalectomy m, 237 
bone block m, 237 . 240 
subtalar arthrodesis in, 235 , 240 
surgical treatment of, 234 
of forearm, 213, 214 
in hand, 213 

of hip, 217 219, 221, 223 222 
of knee. 221, 223 225. 227 
of leg. 239. 24), 244 

with muscle paralysis See specific body sec- 
tions as Abdomen , Extremity, upper , el& 
with scohosis, 249 
of shoulder, 210 
surgical treatment of, 209 
of thumb 216,217 
of tibia, 223 
of wrist, 213 214 

convalescent. 203 See oho body sections as 
Extremity, upper, Abdomen, etc, 
of abdomen. 204.207. 20S 
of knee, 204 

with muscle paralysis, 204, 205 
^of spine. 204. 207. 205 
Kenny treatment of 202 
residual See Poliomyelitis, chronic 
With scoliosis. 169 , 170 
stages of. 202 

treatment of. nonsurgteal, 202 
Polydactylism, 5, 33, SS. 94, 95. 96.518 
Po^iteal dissection, 466 
Potts disease 371 
abscess, 330 3SD 
fractures 1101 
With Igrphosis 37^ 376 
with paralysis, 381 
palhedogy of, 371 
reduction of 1103,1103, ltQ4 
signal fusion in 376 378 
treatment of, 272 
noRSurgical, 373 375 
surgical, 376, 379 

tissue reaction in. reduction of, 1097, 1104 
Pratt, Theodore C, Lcland S McKittnck, and, 
558^5 

Pressure dressing, 670 

Preiser's disease, m scaphoid, carpal fiacturcs of, 
945, 951 

Procaine, for ankle, unilateral fractures of, 1099 
for humerus, upper end, fractures of, 853 
hydrochloride, for rib fractures, 812 
Pnxessts, spinows, 768 
Pronator teres, 929 932 



INDEX 


XXI 


Prostate, cancer of metastatic bone, with carcinoma, 

3S3 

ProtlicsisCses) See also Brace 
Prothescs, 517*557 

for amputation, congenital, of forearm, ow 
of extremity, upper, S26 
of forearm cinepJastic stump of, ^ 6J0 

major, in diabetes. 602 
stump of, 543 

of upper ann, cineplasHc stump, 609 611 
for arm, upper amputation of, cineplasttc stump 
of, 609 611 

for extremity, upper, amputation of, 526 
(or forearm, amputation of, cineplastic stump of, 
60S 611, 610 

congenital amputation of, cinepfasuc stump of, 
609 

knce-bearing, 322 
(or metacarpals, S 
permanent 553 

for ankle, amputation, 532, 553 
for arm 552 

ivith Chopart technic, for foot, amputation, 552 

553 

lor extremity, lower, SS3 
upper, 532, 553 
for femur, SS4 

for foot, amputation, 532, 553 

for forearm. 332 

for hip, 332 

for knee, 554 

for leg, 553, 554 

for Lisfrane technic, for foot, amputation, SS2, 


major amputation, m diabetes, 603 

Yf^soff tedinic, for ankle, amputation, 552, 

technic, for ankle, amputation, 552, 


plasterpjlonfor.SSO 

spcciBc, 548 

fopiump aaiputatjoii 548 
•or major amputaUon, in diabetes, 602 
for foot, SSl 
for hip, 551 
for feg, SSO 

plaster pylon for, 550, SSI 
temporary, 550 

permanent prolhesis for, 552 
f^rosjj, of extremity, lower, 31 
ot liljula, congeiutal, 55, 57, 58. <50, 52. <5/ 
ot nip. witii bony ankylosis. 461 
Mithscoliosis, 192, 193 
of spine, 20 

of titna, congcmtal, 55. 60. 62 
of ulna, 446 

Jobic J»«. m, SOI, S02, S03 

^<>2. 803 

of W’ ° f'"’ fractures, 813 

of funs, with nb fractures, 813 
pleural With nb fractures, 813 

'‘b fractures, 814 


PutU tcchiuc— (CoH/miied) 
for torticollis. 314 

for tuberculosis, of knee, arllirodesis in, 400 
I^arthrosis, with osteotnjehhs, acute localized 
489-491 (See also Arthritis, suppurative, 
417 479) 

Pyemia, 4S0, 485 488, 574 

Pylon piaster, for protheses, SSO, 551 

Quadriceps fetnoris, 225, 227 
tendon, 56, 464 , 465 
Qucckenstedt sign 2S2 
Quervain taiosynovitis, of fingers, 312 

Rachius, 1 19, 124, 500 
Racket inasion, 523 
Radiation See Roentgen ray 
Radio ulnar joint, 940 
Radius, absence of, 10 
deformity of, with fracture, 619 
fracture of, reduction of, 617, 619 
head of, removal of, 444 907, 903 
dislocation of, 14, 32, 869.922 
head dislocations of, anterior, 905. 916 918, 920 
fractures of, 90S-907 
partial, 921 
unreduced, 919 

lower end, fractures of. 928 940 
neck, fractures of, 905*908 
shaft, fractures of, 931, 932 
shorh congenital, treatment of, 10, 11, 12 
synostosis of, with ulna 445 
tendons of, avulsion of 1181 
upper end synostosis of, with ulna, 13 
Reduction, of fractures See Fractures, reduction of 
Refrigeration anesthesia, m amputation, 565, 566 
Rchabihubon tlierapy, for fractures, 684 
Reticulum cell sarcoma, 351 352 
Revision, of knee, 463 

Rhabdomyoma of muscle embryonal, 361, 362 
Rhtzoiiii.Iic spondylosis, 420 
Rhomboid technic, for olecranon, fractures of, 903 
Rib fractures, 809*818 
cojnjdicatuns of, 814, 815 
multiple, complications in, 815 
relief of pani in, 809 814 
Ribs, deformities of, 173 
Rickets, wiUi genu valgum static, 119 
with genu varum, static, 124 
Rizzo technic, for liip unstable, with poliomyelitis 
paralysis, 221 222 

Roberts tcchnic, for knee menisci, tear of, iOS7, 
1059 

for malar bone fractures, 701 , 702 
Roentgenographs, of spine, fractures of, 765, 766, 
767, 784, 790 

Roentgen-ray, wilh bursitis, subdeltoid, 322, 323 
for carcinoma metastatic bone, 352 
for cyst, of bone, 340 
for endothelioma of bone, 349 
with foreign bodies, 1251-1253 , 1252 
for hemangioma, of joint, 357 
for humerus, birth fractures of, diagnosis of, 1197 
for iiposarcoma, of bone, 352 
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Roentgen ray — (Conlinued) 

{or myeloma, plasma-cell, 351 
{or sarcoma, osteogenic, atypical, 347 
reticulum cell bon^ 332 
for scoliosis, symptoms of, 149 
for sprains, with joint fractures. 1135 
for synovioma, 357, 3SS 
for tumor, gianl-cdl, 336, 339 
Roger Anderson apparatus, for fractures. 631 
Rogers techmc, for contractures, with obstetric 
paralysis, 272 

Rubert, m bursitis, acute subdeltoid, Roentgen ray 
for, 323 

Ruptures, of muscle, 1168, 3JSS, 1169 
biceps 846 

supraspinatus 844 846 
of tendon. 1168, 1169, 1170*1172, 3171. 1172 
Russell technic, for femur, shaft fractures of, adult, 
1018 

for femur shaft fractures of, childhood, 1008, 
2013 

far fractures, reduction of, traction suspension 
for. 637 

traction, {or low hack pain 283 

SabanejeR technic, for amputation, of thigh, 539, 
S46.$A7 
Sacnlieation, 20 

Sacro-iliae joint. 429, 431, SOI, S03 
Sacrum, fractures ot 798*808 
transverse, reduction of, 801 
Sandstroo, in bursitis acute subdeltoid. Roentgen- 
ray for 322 

Sarcoma atypical osteogenic M3, 344, 347 
Ewings 349<351 

in humerus, svith shoulder, amputation in, S34 
osteogenic 341 
atypical. 343, 344, 347 
biopsy, of aspiration in, 341, 342 
reticulum cell bone, 351. 352 
of tendon, 363, 364 

Saucenzation, for osteomyelitis, chronic; 493, 494 
Scanlon tabl^ 625 

Scaphoid, carpal, dislcKations of, 958 
carpal fractures of, 944 
nonunion of, 947, 948 
oldusunited 951,952 
with Preiser’s disease, 945, 951 
proximal third of, fractures of, 946, 947 
tuberosity of, fractures of, 944 
waist of. fractures of, 944, 945 
tarsal, fractures of, 1116, 1117 
Scapula biceps tendon of, rupture of, 844 846 
brachial plexus with, 846, 847, 848 
deformity of, Sprengel s, 16, 17 
dislocations of, 834 
compUcaUcms of, 835, 836 
old, reduction of, 836, 837 
unreduced, 837, 838 
cec’Accw.t, 846, 841 
treatment of, 834-836 
elevation of, congenital, 2d, 17 
fractures of, 833 

plexus with, brachial, 846, 847, 848 


Scapola — {CoHhnued) 

recurrent dislocations oi, 840, 840, 841, 842, 842, 
84J. 844 

supraspiiuius tendons of rupture of 844, 845 
tendem of, biceps, 846 
sUpraspicutus, 844-846 

Scars, in osteomyelitis, of tibia, bonc adhesion of, 
495-497 

Schaiiz collar, for sptnc, lower cmical fractures 
of, 764 

dressing; for humerus, lower end, fractures of, 867 
technic, for hip, congenital dislocation of, low 
osteotomy in, 4S2 , 453 
Saatica, treatment of. 1146 
Sclera, blue; 43. 47, 50, SOI 
Scotiosrs, classification of, 147 
congenital, 169 
dorsal curse o! 275 
extraspuwl, with defontwtics 172 
hcmivertebrae, causing 171 , 173 
with nb defomity, 173 
with Sprtngel's deformity, 273 
treatment of, nonsurgical, 21 
surgical. 174 

with unstgmented vertebTae. 172 
curve of, dorsal, pscudarthrosis in, 2P2 
curve in, paralytic; 169 , 170 
primary, 186 
data of, historical, 146 
diagoostsof, 148 
etiology of, 147 

extraspinal, with deformities, 153 
idiopa^ic, clmm] course of, 150 
compensatory curve ol, IM, 165 
curves of, pathology o(, 155 
treatment of, 156 
type of, 155 

wtdt degeneration, osieoarthnbc, 242, 252 
with fifth lumbar tilt, 252, 262, 1&, 165 
fully developed curves of, 151 
wiU) paralysis, 151 

primary curve in, double 5 shaped, 166, 167, 
168,169 

pnmaty curve of, asymmetrical, 234 
dorsal, with compensatory curve, 176, 177 
lumbar, with dorsolumbar, 162 , 165 
lumbar, with fifth lumbar, tilt of, 262, 163 
165 

primary curves of, G-shaped, 153 
cervicodorsal, 157 
compensatory, 154 ff 
dorsal, 167, 10, 174-17 6. 184,187 
dorsolumb^, 159, 262, 163, 1(^ 
high dorsal, 257, 2U 
identification of. 154 
lumbar, 163 
S-shaped, 153, 165 
triple; 153 

with sacralization, incomplete, 151 
Kdwlacy curve of, 176, 177 
S shaped, curve of, 165 
pnmary double, 266, 167, 263, 169 
single, 

with unstable lumbosacral joint, 163 
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mth paralysis, 169 

mth poliwoyel't'*- Iq 9. i/y 

c!ironic.249 

„lhtssiJJarth,oi.s,194 

With spasu: paralysis, 262 

j>inptomsof.H8 

roentgenology in. 149 
trcauncntoUons^gical, H/ 

postoperative, 190 
surgical, 146 198 ,nj 

withdelajcdunioiv 193. W 
jacket application {or. 178, 119, 191 
with paraplegia, 197 
with pscudarthrosis, 193 
specific, 177 

spinal fusion in, 133, 1^8 
defects of. 193, 194,196 

wedging in 181 . 

Saews for fractures Set also Plate-and screws, 
for fractures 

umnohiliiation of, internal fixation for, 648, 650. 
652 

lag for femur, neck fractures of, 990 
StdaUies, tor fractures, treatment of, emergency, 
660 

Septicemia, 480, 48S-4S8, S74 
Sequestrectomy, for osteomyelitis, chronic, 493 
Sera, 483. 692 
Sesamoid bones 1114 
of foot, excision of, 479 

Sever tedime, for contractures, with obstetric pa 
ralysis, 271 

Shea technic, for malar bone, fractures of 701, 702 
Shelf technic, for hip, congenital dislocation of. 118 
for scapula recurrent dislocations of 844 
unstable. See Lowman teclimc, for hip, unstable 
Shennan plate, (or forearm fractures of, 926 
screw, for femur, fractures of condyles of, 1035 
techmc, for fractures, contaminated compound, 
671 

Shock, in amputation, 520, SSS 
with Army Medicj Department (deanng), sta 
bon of, treatment at, 1227 
in fractures, 662, 663 

m nb fractures, multiple, complications of, acute 
picuro pulmonary, 815 
Shoes, 143 

correcuvt, for clawtoc, 136 
for genu valgum, sUtic, 121 , 122 
for hallux valgus 128,152 
for pcs cams, 138 
for pcs valgopknus, 139, U1 
onoulder, affections of, 311, 312 
sunpuution in, with humerus, 534, 535 
intersapulotlioracic, 534 
Kocher incision for, 533 
techmc for. 533 
»“atomyof, IMS 
arthrodesis of, 406, 434, 437, 438 
inhropJasty of. 437 
‘^otomy of, 434 
aspirauon of, 424 
^‘c* m loose, 434,437 


Shoulder— (CoKfiMHcd) 

bursa of, subdeltoid. 320, 435 
bursal wall of, excision of, 320, 436, 437 

musculotendinous, 1172-1178, 1180. 1181 
dislocations of, 834 
drainage of. after-treatment in, 425 

incisions for, 425, 426 

epiphyses of, cartilaginous, 1203 

birth separation of, 1203, 1207, 1208 
girdle See also Extremity, upper 
absence of, 16 
anatomy of. 821 
anomalies of. congenital, 16 18 
bones of, position of, 825 
contractures of, congeniUl, 46 
injuries to, 821-849 
muscles of, 823, 824 
incision of, axillary, 437 
inasions for drainage of. 425, 426 
injuries to, military, 1233 

ligaments of, 622 

injuries of, treatment of, incisions for, 1143 
muscles 

musculotendinous culf of, tears of. 117Z-U7B, 
1160, 1181 

periarthritis of, U49, 1150 
with poliomyelitis paralysis, chronic, ZlO 
snapping, 310 
sprainsof, 1148 

acromioclavicular, 1149 
subdeltoid bursa of, 320 
injection of, novocain in, 435 
irrigation of, 320, 436 

tendons of. 1172-1178. 1180, 1181 

treatment of, surgical, 435 
tuberculosis of, 406 

Sign, Queckenstedt. for spmal-fluid, 282 

Singlearchbars, 722, 725 

Sisk, m bone cyst, treatment of, surgical, 339 

Skeletal injunes, 1189-1209 

Skid, Lane, 642 

Skull, birth fractures of, 1191, 1192 , 1193 
(birth), injuries to, 1190 

Slings, for elbow, injunes to, 876 

for humerus, shaft f.acturcs of. 858 
Slipped epiphyses, 509 
Smart cod 683 

Smith, Beverly C , SS2, 584, 586 
Frederick M , 869-922 

techmc, for ampuUtion, of lower leg m dia- 
betes. 582. 584. 586 

Smith Petersen approach to hip, congenital dis- 
location of, 114 , 115 
fusion for low-back pain, 301 

incision, for wrist ligament, 1745 

irngauon. for bursitis, acute subdeltoid, 3ZU 
nail, for femur, neck fractures of, reduction ol, 
984 , 

nails, for femur, trochanteric fractures of. in- 
ternal reduction of, 992 

technic, for acetabuloplasty, with dcgcncraUvc 
artlintis. 421 



index 


XXV 


Splints-(C’<»Hm«frf) 

Kingsley, 739 

for mandible fractures, 720, 727-730 
for maxillary bones, fractures of, 739 
plaster for CoIIes fracture, imroobilization of, 
643 

for fracture*, immobilization of, 62S, S30, 6S2, 
643, 645 

for humerus, supracondylar fractures of, 880 
for ‘capula. recurrent dislocations of, S41 
sectional, for mandible fractures, 730 
T-shaped, (or clavicle, fractures of, 822, S2S 
wire ladder, for ankle, military, injuries to. 1235 
Spondylolisthesis, 21 
Spondjlosii, rhizomelic, 420 
Sprain fractures, 1131-1186 
Sprains, 1131-1186 See also specific ioints 
\nth arihntis, 1143 
with atrophy of bone, 1144 
dugnosis of. 1135, 1136, 1138. 1140 
/ones teebme for, 1134 
Leriche technic for, 1134 
treatment of, 1133 
of elbow, 875, 890.1150, 1151 
treatment of. 890 
wth joint fractures, 1133-1164 
BoWer technic for, 1134 
specific, treatment of. U39 
treatment of, 1133-1164 
case histones of, 1141 
local anesthesia in, U39 
ihn, itaigeta in 1140 
of v.rist, 1141, 1152 

Spcengels deformity, of scapula, 16 , 17 
with scoliosis, congenital, 17J 
Spurs, caleancal, of foot, excision of, 473 
Stader splint, for fractures, 628 
Suphyloeoccus, in acute pyogenic arthritis, 417 
aureus, in osteomyefitis, acute fulminating, 481 
m osteomyelitis, acute fulminating, 481 
iMth pcmallm. 673 
wih sulfonamides, 673 
“Slave'fracture 967.968 
Sittlt, Paul I? 7$s SOS 
technic, for fractures, treatment of, 6^0 
Stondlcrj^in^ low back strain, ‘trigger points’' sn. 

modification, for knee, with poliomyelitis. With 
rrrgo operation for, 226 
stripping operat on, 477 

tccfini^^for elbow, with poliomyelitis paralysis. 


jof foot, cUwfoot of. with poliomyelitis, 229 
for pes casus, 477 

clawfoot of, 229 

itemnann hr femur, shaft fractures of. adult. 

fractures of, 1029 
tf^hanteric fractures of, 991 

for tit fractures of, 853 

S,™*V joint, 809 818 
wmuin fractures of, 809 818 
reduction of 816 


Sternutator gases, 1249 
Stmison dressing for clavicle, fractures of, 827 
partial dislocations of. 829 
sign m humerus upper end, fractures of, 850 
Stjncbfield Frank F.. 1051-1073 
Stone technic for malar bone, fractures of, 70/, 
702, 744 

Straitb technic for malar bone, fractures of 702 
Strapping, of ankle simple sprains of, 1159 
Streptococcus, in acute pyogenic, 4J7 
haemolyticus, m osteomyelitis, 483 
in osteomyelitis, acute fulminating, 481 
With penicillin, 673 
With sulfonamides, 673 

StneUer technic, for knee; crucial ligamcnls of 
1070 

Stump, m amputation, 526 
of amputation, in diabetes, postoperative care of 
S97 

protheses for, 548 

anepfastic, of amputation, of forearm, 606 607 
of forearm, protheses in. 60S 611 610 
Thiersch graft in 608 
of upper arm 609 61/ 
prothfses for, 609-611 
congenital, of forearm technic. 609 
protheses for, 609 

of goillotine amputation, of louer teg, in dia 
betes, 593 

protheses for, preparation for, 548 
of thigh, in diabetes, 599 

of lower leg, in diabetes, postoperative care of 
S9S 

of major amputation, in diabetes, 600, 601 
Subara^noid puncture, 814 
Siibastragaloid joint, 432 
Siideclds atrophy, 686, 1161 
SuUa-drug therapy See Sulfonamides 
Stilfanilamide. for acute pyogenic arthritis, with 
staphylococcus, 417 
with streptococcus, 417 

for amputation with gas infection, and Bacillus 
welchii, 555 

for Baailus wefchii m amputation, 555 
for bursa, of shoulder, with wall excision of, 436 
for gonococcus, in subacute pyogenic arthritis 
418 

for septic arthritis, postoperatue treatment of, 
433 

for shoulder, bursal wall of, exnsion of, 436 
for staphylococcus, in acute pyogeme arthntis, 

417 

for streptococcus, in acute pyogenic arthntis, 417 
for subi^te pyogenic arthritis, with gonococcus, 

418 

Sulfapyridine, for gonococcus, in subacute pyogenic 
arthntis, 418 

in subacute pyogenic arthritis, with gonococcus, 
4J8 

Sulfathiazole, for acute pyogenic arthritis, with 
staphylococcus, 417 

for bactenemia, in osteomyelitis, acute, 487 
for gonococcus, m subacute pyogenic arthntis. 
4/8 
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Snath Petersen approach — {Cotihnued) 
technic — (Conitnufd) 
for acetabuloplastj, of hip, 4^7, 4S9 
with roalum coxae seniUs, 421 
for arthritis, degenerative, acetabuloplasfy for, 
421 

for arthroplasty, cup, of hip, 459, 461 
for arthrofomy of hip, 424 
iwhip atetabnloplasly ol, 457, 4SD 
arthroplasty of, cup, 459 , 461 
arthrolomy of, 434 

for toalum coxae senilis, acetabuloplasty for, 
421 

for tuberculosis of sacro-iliac jomt fusion ui. 
383 

Smoke gases. 1250 
Soleus TOiJscIe, 1184, 118S 
Soto Hall technu; 1147 
Spastic paralysis, 255 266 
of arm, 263 
of elbow 264 
of foot, 255. 257 
of {dreann 264 
of hand, 264 
of hip, 259 260 
of knee, 253 
of leg i6Z 
with scohosis 262 
of wrut, 264 
Speed Kellogg 844 

technic for scapula, recurrent dislocations of. 
844 

Spica See aha Bandage 

plaster See cUo after treattncst ot various opera* 
lions 

for arthrodesis, of shoulder 433 
for liium, uing fractures of. reduction of. 799 
for tuberculosis of knee, J9S, 297 
of shoulder, 408 

for tuberculous coxius, SSS, 2^. 393 
Spina bihda, 19 , 20 
cervical, treatment of, 17 
with clubfoot, 63 

with foot, congenital defonuities of, 63 
Dcciita, 59, 20 

ivith foot, congenital deformmes of, 63 
vera, 63,66 

Spinal procaine hydrocldoride, in minor amputa 
tion, in diabetes, 56S 
fluid, with low back pam, 282 
manometne study of, 282 
Spme, antenor superior fractures of, 800 
with arthritis, hjpertrophic, 1145 
articular process of, deformity of, 20, 22 
fractures of, 768 
cervical, anatomy of 779, 780 
dislocations of. 766. 772. 774, 775. 777-779^ 
783 

fractures of birth, 1192, 1194 
lower, 781,764 

spine, cervical fractures of. upper, reduction 
of, 765. 166. 167 
unitsial, 793 
upper, nonunion of, 767 


Spine— (CoBtinttfrf) 
oervic^ — (.Conlmuti') 
spina bifida of treatment of. 17 
<prams of, 1144 , 1145 
defonmties of, congenital, 19*23 
dislocations of, 749*797 
cervical. 766. 772, 774. 775. 777-779, 783 
dassifkation of, 749 
fracture 789, 790. 791, 791 . 793 
reduction of. 772 
fifth lumbar of, 783 
posterior dislocation of 783 
fracture dislocations of, 784, 789, 790, 791, 791. 
793 

fractures of. 749 797 
birth. 1192 

cerricaJ, 761, 765, 766. 767, 793. 1194 
classiflcation of 749 
compression, umlateral, 771 
h)perexten<tve, reduction of, 770 
intervertebral disk la 771 
midtlioraac, 757, 768 , 770 
reduction of fracture, table in, 7S4 
thoracic, 759, 760, 768 

thoracolumbar Set Spine, thoracolumbar frac- 
tures of 

treatment of, emergency, 662 
snccimvlitated crush, reduction of, 751, 768 
■njunes to, 749*797 
iBiUtary, 1233 
laminae of, fractures of, 759 
lumbar of, flfiii, 783 

sprain of, ease htstor> of, 1145 
with potiomyeliUs paralysis, convalescent. 204, 
207, 203. 203 

spinous processes of, fractures of, reduction of, 
758 

sprains of. See aleo Law-back strain 
treatment of. 1145 

thoraoc fractures of, upper, 759. 760, 768 

sprains od, treatment of, nosocam eucuptn in, 
1145 

thoracolumbar frartures of, uncomplicated, 7 SO, 
751, 762, 753, 755, 766. 757, 768. 769 
transverse processes of, fractures of, reduction 
of. 768 

tropistn, of congenital, 20 
tuberculosis of, 371 
Spinograra, for low-back pam, 283 
Splints, airplane, for humerus, upper <md, fractures 
of. 855 

ambubtor}, for ankle, bilateral fractures of, 1102, 
1103 

for Pott's fractures, 1103 , 1104 
for elbow, injuries to, emergency treatment of, 
876 

emergency, for fractures 660, 661 
for extremity, upper, nuUiary, injuries to, 1233 
for fortann, fractures of, 930 
Iiill nng 5re Thomas splint 
half nng, 657, 658 . 669 
for hnmtTus, upper end, fractures of, 856 
shaft fractures of, 858 , 859 
mtennaxillary for mandible fractures, 723 
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for f^r'S immobilization of, S25, 630. 631. 

(or .opracondylar Stl 

for «pula. recurrent dislocations of, 

sertionaUor mandible fractures, 73 

T shaped, for clavicle, fractures of. 822 «25 
wiSdir. for anWe. military, injuries to. 1235 J 

Spondjlolisthesis 21 51 , 

Spondjlosis. rhizomelic. 420 

Sprain fractures 1131-1186 

Sprains, 1131-1186 See oho specific joints 
with arthritis. 1143 
wthatrophyofbone.1144 

diajiiosis of, 1135, 1136, 1338, 1140 
Jones technic for, 1134 
lenchc technic for, 1134 
treatment of, 1133 
of elbow. 875, 890, 1150, 1151 
treatment of 890 
with joint fractures, 1133-1164 
Bohler tcchmc for, 1134 
specific, treatment of 1139 
treatment of, 1133 1164 
case histones of, 1141 
local anesthesia m, 1139 
skin analgesia m 114Q 
of tinst, 1141, 1152 

Sprengcl i detormity of scapula, 16 , 17 
mth scoliosis, congenital, 173 
Spurs calcaneal of foot, exaston of, 478 
Siader splint for fractures, 628 
Slaphjloeoccus, m acute pjogenic arthritis, 417 
aureus m oslcomjditis, acute fulminating, 481 
in osteomjelitis, acute fulminating, 481 
Viith pemullin 673 
iviih sulfonamides 673 
‘Save 'fracture, 967, 968 
Slcclc, Paul B , 798 808 
technic, for fractures treatment of 680 
Stcindler, in low back strain, * tngeer points’* in, 
1147 

modifiation, for knee, with poliomyelitis, with 
frego operation for, 226 
stnppn g operat on, 477 

tcdinit, lor elbow, with poliomjelitis paralysis 

for foot, clawtoot of, with poliomyelitis, 229 
lor pes cavus, 477 

forpoliomjriiiis of foot, clawfoot of, 229 
otcinmann pm, for femur, shaft fractures of, adult, 
1014 

for femur, supracondjlar fractures of, 1029 
trochanteric fractures of, 991 
lor humerus upper end fractures of, 853 
lor uUa, condyles of fractures of, 1047 
sienioclavicular joint, 809 818 
oternum, fractures of, 809 818 
twuctiOT of, 816 


ctack, Iracurc, .f, 827 

Ctt'rr^-cnd lr,c.ure,o.,850 

<ra=.«r„ o., 70,. 

Stnufl. ”w”or ™l,r bo„,, 

Strappsng. of ankle, simple sprains of. 1159 
Streptococcus, sn acute 

haemolytscus. m osteornyclitis, 4M 

m osteomydius, acute fulminating. 481 
with pem^lin, 673 

of. 

1070 

Stiimo in amputation 526 , 

of ampuution, sn diabetes, postoperative care 0 . 
597 


a3«u“5™p*.,t.on, ^ 

of forearm, protheses in, 608'6I1. oiU 
Xlnersch graft in 608 
of upper arm 609 611 
protheses for 609-611 
congenital, of forearm, technic, ow 
proilicses for, 609 , 

of guiUoltne amputation, of lowcf IcS. 
beles, 598 _ 

protheses for, preparation lor. 54t> 
of thigh, in diabetes, 599 . 

of lower leg, m diabetes, postoperative care of 

of major amputation, m diabetes, 600, 601 
Subarachnoid puncture, 814 
Subastragaloid joint, 432 
SudeeVs atrophy, 686, 1161 
Sulfa drug therapy Sulfonamides 
SgHai>il,m.de, for aaite pyogen.c «rtbnl.s, mtn 
staphylococcus, 417 

with streptococcus, 417 TJanllus 

for amputation, with gas infection, and Bacillus 
wclchii, 555 

for Baallus welchii in amputation. 555 

for bursa, of shoulder, w.tli wall “ 

lot Bonootcus, PI subicuK pyogenic artir.ti! 

lot stjne artbntu, postopctal.ve Ireamtnt of, 

(or ahSet. but.af ».ll of, 

for staphylococcus, m acute pyog 

lot ..Socottut, m 

for subacute pyogenic arthritis, wi g 

SoUapytltae, tot Booococcas, m suhacote pyogtme 

.„blc?K “'.g^ atU.r,.,s. w..h g.»<.™cut 

5018 .^, 1 . 1 , for ato.= P.ogtn.= 

stophylococcus, 417 ^37 

41S 
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Sulfatlimole — (Conlwued) 

(or osteomyelitis, acute, with bactenemia, 48? 
for staphylococcus, m acute pyogenic arthntis. 

417 

with streptococcus, 417 

for subacute pjogenic arthritis, with gonococcus. 

418 

Sulfonamides, for bactenemia, in osteomycbtis, 
acute, 487 
blood let el of, 674 
effects of, toxic, 674 
wth lodney disease 674 
with liver disease, 674 
for malar bone, fractures of 745 
for mandible, fractures of, 736 
for maxillary bones, fractures of 745 
for minor amputation, in diabetes, 564 
for osteomyelitis, acute, 484, 487 
for staphylococcus, 673 
for streptococcus, 673 
use of 674 

Sulfur tnoxidc-cMorsulfomc acid gas, 1250 
Sun, for tuberculosis, 363 
artificia], for tuberculosis of bone, 269 
Surgery, military, 12U*12S4. Set otso Anny, 
^fedical Department of 
on battlefield, first aid for, 1227 
specific, 1225 

Suture, primary delayed, for military injunes, 1229 
Syme technic, for amputation, of ankle. S36, 537, 
542, SS2. SS3 

Symphysis pubis, dislocations of, 801, S02, 803, 804 
Syndactylism, 3, 4, 6, 32, 45, 94, 95 
Synostosis, congenital, of radius and ulna, 13 , 14 
o! radius, and ulna, exasion in, 445 
Synovectomy, for arthnus, rheumatoid, 431 
of knee, 462, 463 
for tubtf eulosis, of knee, 397 
for tumor, xanthomatous giant cell, 355 
Synovioma, 357, 358 
Syphilis of bone, 502 
with bursitis, 337 


‘ T" fractures Ste specific bones, condyles of, frae* 
tures o{ 

Table, fracture, for spinal fractures, 754 
Tailor’s bunion, 132 
Tantalum, 646, 648. 650. 651, 652. 654 
Taylor brace, for low>back pain, ZS9 
spinal brace, for abdomen, with pdiomyeliUs pa- 
ralysis, 207 , 203 
for Pott’s disease, 375 

for spine, with poliomyelitis paralysis, 207, 308 
technic, for spine, bilateral cemcal dislocations 
of, 766. 772. 77S 

Teeth, with jaws, fractures of, 703 
with mandible fractures, fixation of^ intermaxil' 
lary wmng m 721 
Tendo achniis. 312. 475. 476 
Tendons, of back, affections of, 276-332 
biceps, 846 


Tendons— (Co«/i«“rd) 
injunes to. 1131-1186 
speafie, 1165-1186 
treatment of, 1165, 1166 
lacerations of 1170 
lengthening of, for, 1172, 1173 
perofwat, slipping of, 313 
quadriceps, absence of, ^6 
lengthening of, Bennett technic for, 46f. 465 
ruptures of 1163. 1169, 1170-1172, 1171, 1172 
shortening of, for tendon ruptures, 171, 1172, 
1173 

shoulder. 1172-1178, 1180, 1181 
specific affections of, 307-316 
supraspinattis. 844-846 
of thumb, 448 

transference, for pohcmyehlis, chronic. 209 
of tumors, 3^364 
* Tennis elbow," 332 

Tenosynovitis Set under specific body section 
Tenotomy, pynformis, for low back pain 294 
Test Ely. for low back pain. 2S0 
histamine flare, with amputation, 523 
of knee flexion, prone, 2^ 

Lasegue, for low-back pain, 280 
Ober, for low back pam, 2S0 
straight leg raising, 280 
Tetanus, in amputations, 555 
ui injuries, military, treatment of, 1237 
Thermite gas, 1250 

Thiersch graft for amputation, of foreann, 608 
Thigh, amputation of, 539, 544, S45-S47 
amputation of, in diabetes, S88, 590 
m diabetes, Callander technic for, 591, S92 S9S 
guillotine stump of, in diabetes, postoperative 
care of, 599 

Sabanejefi technic for, 539, S46 , 547 
constnction of, congenital, 44 
Thomas collar, for torticollis, spastic, 315 
hip spluit, for tuberculous coxitis, 333, 3S9 
spimt, for femur, shaft fractures o^ adult, 1008 , 
1009, 1012, 1015 
(or fibula, shaft fractures of, LOSS 
for fractures, of lower extremity, 658, 659 
redaction of, skeletal traction suspension for, 
fiJJ. f35, 637. 638, 6S6 
for lower extremity, fractures of, 658, 659 
for tibia, shaft fractures of, 1088 
lechnic, for elbow, unreduced dislocations of. 
911 

for humerus, supracondylar fractures of, 861 
for scapula recurrent dislocations of, 840 
Thorax, injuries to, military, t eatment of, 1231 
Thornton, Lawson, 983 999 
Thrnrnbo-angutis obliterans, 558, 564 
in amputations, 558. 559, 604, 605 
Thumb, amputation of. 523 529, 530 
metacarpal fractures of, 967, 968 
tnetacarpoplialangeal joint of, dislocations of, 973, 
975 

with poliomyelitis paralysis, chronic, 216, 217 
tendons of, 448 

Thymus extract, for fractures, 44 
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Tibia, absence oi, congenital, 33, 3S, 40, 43 
anatomy of, lOSO, 1081 
arrest of growth of, 244 
bowuig of, 64 

condyle of, fractures of, reduction of, 1044-1048 
deformities of. 31, 32, 33, 34, 3S, 36 . 42 
dislocation of, from femur, 1049 
and fibula, genu valgum of, 469 
genu varum of, 469 
genu valgum of, with fibula, 469 
varum of, with fibula, 4d9 
lower end of, fractures of, 1110, 1111, 1118 
osteomyelitis of. acute, 492 
with scars adherent to bone, 495, 497 
osteotomy of, for genu valgum, with fibula, 469 
for genu varum, with fibula, 469 
pseudarthrosis of, congenital, 55, 60, 62 
sclerosis of, S7 

shaft fractures of, 1Q79-1093 
diagnosis ofi 1079 

(internal), reduction of, 1089, 1092, 1092, 
1093 

reduction of, 1079 
Coltler-Braun splint in, 1086 
manipulation in. 1079 
plaster jacket m, 1079, 1Q82 , 1090 
Unna paste boot tn, 1063, 2090 
reduction with traction of, Caldwell pm tugs in, 
1088 

multiple-pin, 1087, 1Q8S 
Carothers technic for, 1088. 2089 
Griswold apparatus for, 1087 
plaster. 1085 . 1091 
single pm 1084, 1085. 1086 
Thomas splint for, 1088 
varieties of, 1079 
torsion of. with poliomyelitis, 223 
tubercle of, avulsion of. 1044 
Tibia] spine, of knee, 1075 
Titanium tetrachloride gas, 1250 
Tiitcringtons position, for malar bone fractures. 
743 

Tobruk techme, for fractures, 638 
Toes, absence of, associated with clubfoot, 9ft 93, 
99 

amputation of, 535, 540. 568-570, 370. 371 , 572 
angulation of, congenital, 96 
claw, Hoffman technic for, 479 
congenital, 32. %, 93 , 99 
constriction of. congemlal. 45 
contracture of, congenital, 96 , 97 
deformities of. 93, 94, 95 

m diabetes, with amputation of. closed technic 
for, 568-570. 570. 571.572 
fusion of. congenital, S2 , 33 
hypenrcpJiy of, congcmUl. 23. 23. 26 
macrodactyhsm of, 25. 26, 94, 97 
Morton's, 135 
phalanges of, 1123 
supemuoicrary, 33, 38, 94, 95, 96 
amputation of, 313 
treatment of, M 


Toes — ^Continued) 
webbed, 94, 95 

&{ac(^lluni operation for, 3, 6 
treatment of, 3, 6 
Toggling, 617 
Torticollis, 313-315 

Traction Seg also specific fractures as. Humerus, 
fractures of, traction for 

Traction, for humerus, upper end, fractures of, 
reduction of, 853 

for metacarpal, fractures, 968, 972. 972 
overhead, 637 , 1007 

skeletal, for femur, shaft fractures of, adult, 1014 
for humerus, supracondylar fractures of, re- 
duction of, SS4 

skin, for femur, shaft fractures of, adult, 1011 
for spine, cervical sprains of, treatment of, 1244, 
1145 

Transfusion, of blood, foe acute osteomyelitis, 4S5 
for acute pyogenic arthritis, 417 
of blood, for amputation, with shock, 520 
Transplantation, of tendon, for tendon ruptures, 
1171. 2272 
Trapezium, 956, 963 
Trapezoid, 956, 962 , 963 
Trauma, treatment of, 615, 916 
Tnbomethanol, 718 
Triguetrom, 955 
Tro^nteric fractures, 618 
Tniesdell. Edward D , 1189-1209 
Trunk, dislocations of, 747-818 
fractures of, 747-818 

Tubby tecbnic, for forearm, with poliomyelitis pa- 
ralysis, 213 

Tuberde, of tibia, 1044 
Tuberculosis, in amputations, 519 
of ankl^ 400 
with amputation in, 405 
arthrodesis for, 403, 404 
nonsurgical treatment of, 401, 402 
pathology of, 401 
postoperative treatment of, 405 
single bone, excision in, 402 
treatment of, 40/, 402 
of bone, 367-416 
general treatment of, 367 369 
local treatment of, 3^-371 
pathology of, 367 
with bursitis, 327 
of elbow, 408 
atnputation m, 412 
artlirodesis m, 410412 
excision in, 4ll,Al2 
nonsurgical treatment of, 409 
pathology of, 408 
resection In, 409 
surgical treatment of, 409 
of foot, 400-405 
of lOint, 367-416 
general treatment of, 368, 369 
local treatment of, 369 371 
pathology of, 367 
sacro-iliac, fSl 
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Tuberculosis — (Conlimud) 
of kntt, 394 

arthrodesis in, 397. 39S. 399 400 
nonsurgical treatment of, 395 397, 395 
pathology of, 394 
postopeTatj%e treatment of, 4K> 
surgical treatment of, 397 
synovectomy for, 397 
of sacro-ibac joint 381 
abscess in. 382 
arthrodesis in, 382 
fusion in, 382, 383 
pathology of. 381 
treatment of 3S2, 386 
of shoulder 406 
arthrodesis in, 407, 407, 403 
pathology of 406 
treatment of 406-403 
of spine 371 
of wrist 412 

arthrodesis in 414, 414 . 415 
excision in, 415 
pathology of. 412 
treatment of, 413 414 414 
Tuberculous coxiUs, 386 
abscess m 394 
amputation in, 394 
arthrodesis m 339 391 392 393 
nonsurgical treatment of, 337, 3S3, 339 
pathology of 336 
postoperatit e treatment of, 393 
surgical treatment of. 339 
Tuberosity, pelvic, 309 
Tumors 5‘cc afro Ganglion 
of bone, 335-359 Set alta specific tumors as 
Osteoma, Chondroma 
benign, 336 
classification of, 335 
malignant, 341 

witb pathologic fracture, 3s3 
of fasaae, 360-364 
fibToc&at3<s). 362 

fibrosarcomata(s) See ribrosarcoma, of fascia 
specific, 362 
giant-cell, of bone, 336 
rpipJiysral shoBArtsosSsMS, 336 
preoperaltie treatment of, 337 
Roentgen ray in 3o6, 339 
surgical treatment of, 337, 3SS 
of tendon, 34)3 
of tendon sheath, 355 
Viith xanthoma, 255 
xanthomatous. 355 

of joint, 333 359 See aba speofic tumors 
^mgn.354 
classification of, 354 
malignant. 357 
specific. 354 
of muscle, 360 364 
benign, 360 
classification of, 360 
fibromata(s), 360 
lipoma ta(s), 360 


Tinnors — (Coitlinucd) 
of muscle— (CofitiHurd) 
malignant, 361 
rhabdomjomata, 361, 362 
of taidon. 360 364 ^ 

bcfugn, 362 
malignant, 363 
specific, 362 

Typlioid, in osteomjelitis, 502 

Ulcers, tro;4iic, with foot, congenital deformities of, 
63 ^ 66 

treatment of, 63 67 
Ulna, absence of, 11 72 73 
coronoid process of, fractures of, 904, 905 
head of, dislocation of, 669-922 
processes of chip fractures of, treatment of 1152 
pseudarthrosis of treatment of. 446 
shaft fractures of, 929, 930 
short, congenital, 10, 7/ 72.14 
sjaiostosu of. n ith radius, 445 
upper end fractures of, 14, 32, 869 922, 926, 927, 
928 

sy-nostosis of with radius, 13 
Ulnar neAC. 900 * 

Unciform 9SU 957, Ht, 963. 964 

Unna paste boot for fibula, shaft fractures of, 1083, 

mo 

for tibia, shaft fractures of, 1083 , 1090 

van Arsdale splint for femur, birth fractures of, 
7793. 1199 

Van Corder incision, for elbow ligament, injuries 
of 1143 

Vascular disease, 558 605 
occluuon 556 

Velpeau bandage, for humerus, cartilaginous, 
epit^yses of, 1207 

Ven^ram with hemangioma of muscle, 360 
Vertebra arcus of, deformiues of, congenital, 20. 
21 

fusion of. congenital, 21 
unsegmented, m scoliosis, congenital, 772 
Vesicant gases, 1246 

VitalliuoL See Nails, Plates, Screws, Wires 
Vtikt7iamtf)sc>!eat{a, 6J7 
Von Lackum William H, 14^198 
Von Reckhn^iausen’s disease, 500 

Wagner technic, lor compound contaminated frac- 
tures, 671 

for hip, imstable, with pcliomyciitis paralysis 

221, 222 

Walton tedinic, for spine, unilateral, cervical dis- 
locations of. 766. 772, 774 
Watkuis technic, for malar bone, fractures of, 701. 
702 

Watson Jones approach, for hip, congenital dis- 
location of. 116 , 117 
with bursitis, radio-humeral, 332 
technic, for arthrodesis of Inp, with autogenous 
bone pegs 436 

for fibula, shaft fractures of, 1084, 1085 
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Walson-Jones approach—CCoiifmufrf) 

uchnic— (ConJiiiHfii) 

lor dccranoij, fractures of, \vJlh reparr of 
fascia in, 903 

for spine, uncomplicaled, tboracojonibar frac- 
tures of, 

for tiliia, sliafc fractures of, I0S4, J085 

for tuberculosis, of shoulder, arthrodesis in, 407 
Wedges, for foot, congenital inversion, deformity 
of 89. 90 

for forefoot, congenita! adduction dtfcrimly of 
SI. S3, S4. 86 88 
Wedging, in scoliosis 181 
Wescott technic, for femur, neck fractures of 984 
Wlmc, m femur, arrest of growth of, 244 
in fibula arrest of growth of, 244 
liandle, for femur, neck fractures of reduction 
using Smith Petersen nail for, 985 
instruments, for femur, arrest of growth of, 3fS 
pbospharus gas, 1250 

tcchmi^ for femur, arrest of growth of 248 249 
in tibia, arrest of growth of, 244 
Whitman modification, of Bradford frame for Pott’s 
disease, 373 

tcclmie, for acetabulum fractures, with protrusion 
into pelvis, 806 

Williams brace, (or low back pain, 287, 239 
brace, (or low back strain il47 
jacket, (or low back pain, 286 , 290 
Wilms exercises, for hip, p>ogeiuc arthritis of, 433 
tcchmc, tor acute pyogemc arthritis, postoper- 
auie treatment of, 418 
Wilson J C, 39], 466 467 
capsulotomy for poliomyelitis paralysis, of knee, 
with flexion deformity of 223 
and DeSanto classification of tumor, giant celt, 
xanthomatous, 355 

for fractures, treatment of reconstructive bone- 
graft in SSJ, ffSJ 

lor humerus, diacondylar fractures of, reduc 
tion of, 892 

for knee, 466, 467 

for tuberculous coxitis arthrodesis in, 391 
Wires circumferential for mandible fractures, 731 
Arr A’aefoves', nnmoiifization of, 

(or mandible fractures, 720 
Winns, intermaxillaiy, for mandible fractures, 72X 


Wounds. See Injuries 
Wnst See also Carpus 
absence of, 9 , 30 
amputation of, 529, 531 
arthrodesis of, 41^ 446, 447 
aspiration of, 424 
bemes of, small, sprains ivitli, 1154 
dislocatioas of, 957 
drainage of, after treatment la, 427 
inosion for, 426, 427 
flexion deformity of, 445 
fractures of, 938 940 
fusion of, 412 

incision for drainage of 426, 427 
ligament, injuries of, I14S 
with pdioniychtis, chronic, 213, 214 
muscles of, ruptures of, 1161 
radio ulnar ligament of, tear of, 1153 
semilunar bone of, excision of, 447 
spastic paralysis of, 264 
sprains of, 1141,1152, 1153 
treatment of, surgical, 445 
tubcrcidosis of, 412 
Wry neck, 313 315 

Xanthoma, of fascia, 362 
with giant cell tumor, of tendon sheath, 355 
of tendon, 362^ 353 
Xcrofomi gauze, 671 
X ray See also Roentgen-ray 
for fibrosarcoma of muscle, 361 
for fractures, 621 

for malar bone fractures diagnosis of, Tittering- 
tons position m, 742 

for mandible fractures examinauon in, 712 
therapy, for Bacillus welchii, m amputation 555 

‘Y ' fractures. See specific bones, Condyles of, frac- 
tures of 

Yoerg tecluuc, for os ealas, fractures of, 1124 

**Z’ technic, (or tendons lengthening of, 1172, 1173 
Zadek tcchmc, for AdiiHobursiOs 329 
Zygomatic arefi, fractures ot TVf. T4S, 

745 

Zygopopbysis, deiormities of, congenital, 20, 22 
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Tulwculosis— (ConfiHwd) 

oCVuM 39-< 

anhrodews in, 296, 397. 29S. 399 -WO 
noiKursicaJ Uealmtnt of, 39>-397, 395 
pathology of, 394 
postopeistiie treatment of, 400 
sureical ireaimcm of, 397 
syno>rctciiny for, 397 
of sacro-iiisc joint. 331 
ab^eess in. 3S2 
anhrodesis in 3S2 
fusion in, 332, 333 
pathology of, 331 
treatment of, 332, 38fi 
of shoulder, 406 
arthrodesis in. 407, 40T, 403 
pathology of. 406 
trealrneiit of 406-403 
of spine, 371 
of wrist, 4l2 

arthrodesis in 414 4U,A\S 
excision in, 415 
pathology of 412 
treatment of. 413. 414 , 411 
Tuberculous coxitis 336 
abscess uu 394 
amputation tn 394 
arthrodesis in 339.391 392 393 
oonsursicat treatment of, 337, 2iS 339 
pathology of 3S6 
poitoperatise treatment of. 393 
surgical treatment of 339 
Tuberosity pelvic. $09 
Tumors Stt oho Ganglion 
of bone 335 3a9 Stt aUo speuhe tumors as 
Osteoma GsoRdroma 
benign. 336 
elassifiotson of, 335 
malignant, 341 

with pathologic fracture, 333 
of fasciae, 369'364 
fibromata(s) 362 

fibrosarconulafs) Set Fibrosarcoma, of fascia 
specific, 362 
giant-cel] of bone, 336 
epiphyseal chondromatous, 336 
preoperatiie treatment of 337 
Roentgen ray in 336 339 
surgical treatment of 337 33S 
of tendon, 363 
of tendon sheath. 355 
with xanthoma. 253 
xanthomatous, 355 

of joint, 335'339 Set also speade tumors 
benign. 354 
classification of 354 
malignant 357 
specific 354 
of muscle, 360-364 
benign 360 
classification of 360 
fibromatafs), 360 
lipoma ta(s), 360 


Tia&orv— (Continued) 
of musde^fContiiiutd) 

snahgnant. 36t 
rhabdomyornala, 361, 362 
of tendon, 360-3^ ' 

t)cnign,362 
malignant 363 
jpeofic,362 

TyplKxd, in osteomyelitis, 502 

Ulcers, trophift with foot, congenital deformities of. 
63.66 

treatment o(, 63 67 
Ulna, absent of, 11 12 13 
coronoid process of, fractures of, 904, 905 
head of, dislocation of. 569 922 
processes of chip fractures of. treatment of, 1152 
pseiidarthrosH of treatment of 446 
shaft (eactiicei of, 929, 930 
short consttiital, 10, II, 12, 14 
synostosis of, uciUi radius, 445 
upper end. fractures of. 14, 32, 869 922, 916, 927, 
928 

synostosis of niliiradiu, 13 
Ulnaf nerve 909 

Unciform 951, 957, 962. 963. 964 
Unna JiOiste bool, for fibula, shaft fractures of. 1053, 
1090 

for labia, shaft fraeturcs of, 1083, 1090 

van Arsdale sidint for femur, birth fractures of. 
1193. 1199 

Van Gorder locision, for cibovy ligament, injuries 
of 1143 

Vascular disease, 553-605 
occtusion 556 , 

Velpeau bandage, for humerus, cartilaginous, 
epiphyses of, 1297 

Venogram with hemangioma, of muscle, 360 
Vertebra arcus of, deformities of, congenital, 20, 
21 

fusion of, congenital, 21 
unsegnientcd, in scoliosis, congenital, 172 
Vesicant gases, 1246 

Vitallium. 5ire Nails. Plates, Screws Wires 
Volktfianns isclicinia 617 
Von Ijckum, WiUiam H„ 146-198 
Von Kecklinghauscn s disease, 

Wagner technic, for compound cooUminated frac- 
tures, 671 

for hip Unstable, mth poliomyelitis paralysis, 
221 . 222 

Walton teclmic, for spine, uiulatcrat, cervical dis- 
locations of 766, 772, 774 
WatUns (ecfuuc, for malar bone, fractures of, 701, 
702 

Walson-Jones approach, for hip, congenital dis- 
locatimi of, 1 16, 117 
with bursitis, radio-humeral, 332 
ledmic. for artiirodesis of hip, with autogenous 
bone pegs. 456 

for fibula, shaft fractures of, IQ34 , 1085 
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Watson Jones approach— (ContmnfJ) 
technic— 

for olecranon fractures of, with repair of 
fascia in, 903 

for spine, uncomplicated, thoracolumbar frac- 
tures of, 737 

for tibia, shaft fractures of 1Q84 , 1085 

for tuberculosis, of shoulder, arthrodesis in, 407 
WeilgeSi fof inversion, defortmly 

of. 89, 90 

for forefoot, congenital adduction deformity of, 
SI. S2, as S8 
Wedging in scoliosis, J81 
Wescott tcclmte for femur, neck fractures of, 934 
White, in femur, arrest of growth of, 244 
in fibula, arrest of growth of, 244 
liaiidlc, for femur, neck fractures of reduction 
using Smith Petersen rati for, 985 
instruments, for femur, arrest of growth of, 24S 
phosphorus gas, 1250 

technic, for femur, arrest of growth of 24^ 249 
in lihia, arrest of growth of, 244 
Whitman modification, of Bradford frame for Pott’s 
disease 373 

tcclinie, for acetabulum fractures, with protrusion 
into pelvis, 806 

Williams brace, for low back pain, 287, 259 
brace, for low back strain //47 
jacket, for low back pain, 286, 290 
Wilma exercises, for hip, pyogenic arthritis of, 433 
techmc, for acute pyogenic arthciiis, postaper 
ative treatment of, 413 
Wilson, J C, 391, 466,467 
capsulotomy, for poliomyelitis paralysis, of knee. 

With flexion deformity of, 223 
and DeSanto classification of tumor, giant cell, 
xanthomatous, 3SS 

for fractures, treatment of reconstructive bone- 
graft in, 6Sa, 6Si 

for humerus, diacondylar fractures of, reduc 
lion of, 892 
for knee, 466, 467 

for tuberculous coxitis, arthrodesis in, 391 
Wires arcumferential for mandible fractures 731 
tor fractures, immobilization of, 646 
for mandible fractures, 720 
Wiring intermaxillary, for nundible fractures, 721 


Wounds. See Injuries 
Wnst See also Carpus, 
absence of, 9, id 
amputation of, 529, S31 
arthrodesis of, 412, 446, 447 
aspiration of, 424 
bones of, small, sprains with, 1154 
dulocatfons of. 957 
drainage of, after treatment m, 427 
inosion for, 426, 427 
flexion deformity of, 445 
fractures of, 938 940 
fusion of, 412 

inosion for drainage of 426 427 
ligament, injunes of, 1143 
with poliomyelitis, chrome, 213 214 
muscles of, ruptures of, 1181 
radio-ulnar ligament of, tear of, 1153 
semilunar bone of, evasion of, 447 
spastic paralysis of, 264 
sprains of, 1141, 1152, 1153 
treatment of, surgical, 445 
tuberculosis of, 412 
Wryneck 313 315 

Xanthoma, of fasaa, 362 
vnlh giant cell tumor, of tendon sheath, 355 
of tendon, 362, 363 
Xeroform gautc, S71 
X ray See also Roentgen ray 
for fibrosarcoma, of muscle, 361 
for fractures, 621 

for malar bone fractures diagnosis of, Tittenng- 
ton’s position in, 743 

for mandible fractures examination m, 712 
therapy, for Baallus welchu, uj amputation, 555 

Y fractures 5rr specific bones, Condyles of, frac- 
tures of 

yoerg fechmc, for os calas fractures of, 1124 

Z technic, for tendons Icngthemng of, 1172 , 1173 
Zadek technic, for Achitlobmsitis 329 
Zygomatic arch fractures of, 699 702 701, 743 
745 ' 

Zygopophysis, deformities of congenital, 20, 22 



